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REPORT. 



To His Excellency, Ohab, H, Hakdih, Governor of Missouri : 

Sis : I have the honor to forward herewith the report of the 
operations of the G-eoIogical Survey in the directioa of an ezamina- 
tiOD of the conditions snnoundiDg certain of the prominent industries 
-of Missonri. 

The economical aspects presented in the production of two of the 
great staples of the State have been investigated with considerable 
detail by a study of the means, appliances, and the chemical prob- 
lems connected with the manafactnre of the metals, lead aid zinc. 
€ome attention has been given to the iron industry as well, but the 
general stagnation of this great bnsiness has manifested itself by 
such a decrease in the activity of the furnaces of this State, that 
facilities were wanting for the collection of suflScient data for any- 
thing approaching that comprehensive and thorough study which the 
importance of the subject demands. The production of charcoal iron 
ie, however, presented with some degree of fulInesB. 

In shaping the work intrusted to me by the Board of Ourators of 
the State University, towards the attainment of the ends indicated, I 
have been influenced by the fact that while a large amoant of the 
structural geology of the State, and the special geology of its mineral 
deposits had already been made public in the reports of Messrs. 
■Swallow, Pumpelly, Broadbead and others, but little had been accu- 
mulated towards unfolding the history of the technology which the 
-conversion of the raw materials from those mineral deposits into com- 
mercial products had created within the borders of Missouri. Fur- 
ther, the appropriation of five thousand dollars yearly was not ade- 
■qnate to keeping in the field a force sufficient for thorough and rapid 
work in those counties which had not before received special atten- 
tion. 

The material which could be collected under existing circnm- 
etancee is not full enough for a geological history of those counties; 
however, as interesting copper occurrences have long been known to 



303803 



exist vithin the liinits of Shannoa county, some space has been 
devoted to a geological history of those deposits, this coarse beiog 
regarded ae ia accord with the design of this report. 

Notes on tha supposed gold deposits of Northern Missouri have 
also been given in the appendix. 

I must acknowledge, in this connection, the very efficient assist- 
ance rendered in the laboratory by Mr. A. W. Hare. His zeal and 
induBtry have enabled me to make a much fuller presentation of the 
chemical illustrations of the work than could have been done other^ 
wise. 

Other aid, whenever rendered, is acknowledged in the report. 
Some of the notes on the St. Louis industrial district collected, by 
Dr. Adolph Schmidt, have beon used with his sanction. These notes, 
having been taken as early as 1872, have lost mnch of their value in 
the lapse of time and the progress and growth of the indastries, 
and their reproduction would only extend this report without pre- 
senting the actnal conditions of the manufactnres to which they 
relate. Much of present value is contained iu Dr. Schmidt's notes on 
the iron deposits, but as an account of these was foreign to this pres- 
ent work, these notes have not been reproduced. 
All of which is respectfully submitted. 

Your obedient servant, 

OHAS. P. WILLIAMS, 
Acting State Geologist. 
KoLLA, Mo., December 13, 1876. 
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CHAPTER I. 

MINERALOGY AND GENERAL METALLURGY OF LEAD. 

The geological positions and modes of occurence of the ores of 
lead thioagboat Miseonii have been described in ench detail in pre- 
ceding reports, that this report is restricted tu a discassion of the eco- 
nomical conaiderationB connected with the conversion of those ores 
into marketable lead. The facts that the lead bearing formations 
occupy a very considerable part of the area of Sonth Missonri, and 
that those formations contain concentrations of plnmbiferoDS miner* 
als, of which many have been strikingly remnneratiTe, are known 
mach more generally than are the character of the ores, the features 
of their metallurgical treatment or the commercial value of the pro- 
duct as a factor in the material wealth and prosperity of the common- 
wealth. 

The pressure of a large and rapidly increasing production from 
the mines has left little time for examination or discusBion of those 
smelting methods, which, adopted in the early development of the 
lead indnstry, have been reproduced with bnt trifling modifications 
at each new mining centre. At the present time when lead produc- 
tion has become a permanent industry in the State, and Missouri 
brands of metal are in competition with refined leads iiom other 
domestic, as well as from foreign establishments, in the markets 
of the east, it may be wise to scrutinize the common metallurgical 
practices of the State more closely than has heretofore been done, in 
order that the fullest possible advantage may be gained from them. 

Among the various methods of lead smelting and the wide range 
of variations which local conditions and experiences have added to 
them, there are bnt few which have any extended use in the State, 
and it is these alone which need be examined in detail to ascertain 
how far the practice, which is in general adapted to the ores to be 
treated, is worked to its fnllest capabilities or, in other words, how 
nearly its utmost advantages are realized. To reach this knowledge, 
some account must be taken of the experiences and results elsewhere, 
and the comparisons which will be thus institnted will not only 
explain the local practice, but furnish suggestions which may be 
adopted with advantage leading to cleaner work and closer economy. 
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A consideiation of the metallargical piocesees invoWed in the 
prodnctiQB of metallic lead necesitates a knowledge of the composi- 
tion of the ores and of those associated minerals which inflaeoce the 
fnrnace operations or affect the qaality of the resulting metal. A 
description of the mineral species occurring in the lead deposits is 
therefore given, and their composition generally given from the 
results of chemical analyses. This has beea followed by a short 
account of the various practices of lead smelting, including the rela- 
tions of the foreign minerals to the operations and to the product and 
a foller discussion of the chemical changes taking place in those 
methods which are in service in Missoari, together with descriptions 
of the apparatns in which these changes 'are brought about and illns- 
trations furnished by analyses of the intermediate and final products. 

GEOGRAPHICAL DISTBIBUTION OF LEAD OREB. 

The classification of the lead regions of the State recognizes three 
chief areas of lead developments, denominated, respectively, the South- 
western, the Oentral and Southeastern districts, a distinction in the 
main geogiapbical, though warranted to some extent from a scientific 
standpoint by geological features peculiar to each. 

The Southwestern Lead Region — This includes the counties of 
Jasper and Newton, as those in which in the most active develop- 
ments have been made, besides Greene, Dade, and portions of McDon- 
ald, Barry, Stone and Christian counties. The ores are found in the 
Sttb-carboniferons system — notably in certain upper members of the 
£eokDk or Archimedes limestone. The prodaotive rooks have a 
thickness of about 125 feet, consisting, in a descending order, of (a) 
more or less broken and softened chert, accompanied by large masses 
of clay and sand, (20-75 feet), (b), a silicious limestone (occasionally 
wanting and never exceeding 20 feet thickness}, and (c) a mazimnm 
of thirty feet of alternate layers of limestone and chert. This pro- 
ductive series rests upon upwards of 140 feet of unprodnctive 
limestone, distinguished as the bed-rock.* 

The Central Besion — The principal points of development of 
this region are found in the counties of Miller, Cole, Morgan and Moni- 
teau, but the district includes in addition to these, Valine, Cooper, 
Pettis, Benton, St. Clair, Hickory, Camden, Osage and Maries. In 
parts of Moniteau and in Saline and Cooper counties, the deposits are 
found in the same horizon as in the Southwestern region, viz : The 
Archimedes limestone, and therefore, a description other than a geo- 
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LEAD FURNACES AND PRODUCTS. 9 

graphical one woald include these in the Soathwestern rather than in 
the Central region. 

la the other counties named, the workable depoaits of leadminer- 
alB are foand in membets of the lower silarian eystem, the second 
magnesian limestone being the chief productive rock in the northern 
and western parts of the region, while the third magnesian limestone 
oonstitntes the horizon of the deposits of the sonthern and eastern. 

The Southeastern Lead Region: The aeata of the most active 
operations are found in the connties of Franklin, Jefferson, Washing- 
ton, St. Francois, Madison and St. Genevieve. To this list may be 
added the connties of Crawford and Bollinger, within the limits of 
which lead deposits have been found and developed to some extent. 

The prodnctive geological formation in this area, is the third mag- 
nesiaD limestone, which, exclading the southwestern and portions of 
the central regions, is the great lead-bearing series of the State. It 
therefore has a wide extent, preserving, over the great area in which 
is found a remarkable uniformity of character, * and is nearly a tme 
dolomite, coataining the calcic and magnesic carbonates in the pro- 
portion of one to one. It has a large vertical range, having a thick- 
ness, where entire, of probably more than five hundred feet. 

To the three areas above indicated, may be added a fonrth. The 
Southern — including a large extent of coontry, underlain by the mag- 
nesian limestone series, and in which lead ores have been discovered, 
either in situ or as float mineral, bat in which there has been little, 
if any, systematic exploration. Some little work or casual examina- 
tion has resulted in the discovery of lead ores in the connties of 
Phelps, Texas, Wright, Donglas, Webster, Christian, Taney, Stone, 
Barry, Laclede and Dallas. 

OSES AND ASSOCIATES. 
In the classification adopted by metallurgists, sulphuretted ores 
are distinguished from the oxidized ores. The first class includes but 
one species of any practical importance in the prodnction of lead, 
viz : galenite ; the second class includes cerrusite, anglesite and pyro- 
morphite, all of technical importance, bat still subordinate to galenite. 
Oalehite (Von Kobell) : This species, commonly called Galena, 
and, by the miners, "mineral," is emphatically the ore of lead. Chem- 
ically it is lead sulphide, containing, by theory, 

1 atom of lead .207 or 86.61 per cent. 

1 atom of aulphur. 82 or 13^ 

1 molectde lead enlpbtde 239 100 00 

* Swallow's Firti Annual Report; Bcbmldt and Leanliard, loe-eU.; J. R. Oage, 
Broadhead't Report, page 601 et acq. 
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Usaally it ie contamiDated to a greater or less extent by varioaa 
other metallic snlphideB or by intermixture of certain earthy sabstan- 
coB (gaDgues), either loosely associated with it, or so intimately dis- 
seminated through it as to he unrecogizable by any other than chemi- 
cal means. 

Ualenite crystallizes in the isometric system, asaally in cubes, or 
in cubes with planes of the octahedron or dodecahedron. The cleav- 
age is ordinarily cubical and perfect; occasionally traces of the octa- 
hedral cleavage are observed. This latter is particularly noticed in 
the galenite from the Pequa Mine, Lancaster conoty, Pennsylvania. * 
Large cubical crystals are of common occurrence at many of the local- 
ities of this State, and specimens of this description, measuring op- 
wards of three inches edge are not infrequent. It is also found tab- 
ular, and passing from coarsely crystalline through many grades to 
the finely grannlar, the last constituting the steel-grained ore. Its 
color is lead-gray; lustre, metallic; fracture generally even, more 
rarely subchonchoidal ; hardness 2.5 — 2.75; specific gravity, 7.25 — 
7.75 — a cubic foot of the solid mineral, therefore, weighing from 435 
to 484 pounds. 

Though distinguished among the mines of this State, by the-names 
of mineral or blue mineral, the galeuite receives various other names, 
according to the variations in the forms and modes of occnrrenee. 
When it occurs as large or coarsely crystallized masses, it is generally 
called hloch or chunk mineral ; smaller crystals constitute the eoff 
mineral, while still smaller crystals are denominated dice mineraL 

Among the foreign matters foand in galenite, either in a state of 
mechanical admixture , or in various forms of combination, or as iso- 
morphus replacements of either the lead or sulphur, are, silver, gold, 
antimony, arsenic, copper, cadmium, zinc, iron and nickel; more 
rarely, selenium, and, repnted in the galenite from the Dept. Char- 
ente, France, platinium. I Notable amounts of these matters influ- 
ence the metallnrgical treatment of the ore, and the qnality of the 
product from it, while, in some cases the presence of those metals of 
much greater value renders the lead a subordinate product of the ore. 
or causes it to act as an adjunct to the extraction of those metals. 

Silver is rarely, if ever, absent | It occurs occasionally in the 
galenite, in the/ree or native state; commonly it exists as argentic 
. sulphide, isomorphns with and replacing more or less of the lead sul- 
phide. This is believed to be the form of combination in cases in 

* Genth's Preliminary Report on Mineralogy oj Pennsylvania, p. 12. 
t Dana's Syatem of Uineralofcy. 

t Tbe same claim le made for gold. 8«e, oa this point, Percy's MelaUurgy of Lead. 
page 96, ei »tq. 
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wfaioh the silver does not exceed one per cent, of the galenite ; in 
ores richer than this, the silver is regarded as occurring as some one 
or more of its ores mechanically n;ixed throngh the galenite. Mala- 
gnti and Dnrocher examined a large nnmber of specimens of galenite 
and foand the silver to range in amount between a mere trace, and 
upwards of 7 per cent.* 

A eomevhat popular belief is to tbe effect that the texture of 
the galenite is, in some measure, an indication of the relative amount 
of silver it contains, the finely granular varieties being regarded as 
relatively richer, and the coarsely granular or crystalized, as poorer. 
This view is not supported, either by chemical analyses or by experi- 
ence, and is, therefore, not to be relied on. The coarsely grannlai gale- 
nite from some localities, e. g. Arizona (according to Kiistel), is deci- 
dedly richer in silver than the finer varieties. The argentiferous char- 
acter is decidedly more closely connected with the character of the 
deposit furnishing the galenite, and with the structure and lithoiogi- 
cal characters of the rocks enclosing the deposits, than with the tex • 
tnre of the ore itself ; but even these fail as reliable indications, or 
hold good only for well established silver-bearing districts. Assays 
of the ores from a newly discovered or opened mining region are the 
only trnstwortby guides in this direction. 

The galenite from localities in this 8tate are not argentiferons in 
any practical sense. This has been so well established by repeated 
assays of the ores, and has been so fully sabatantiated by analyses of 
the leads produced from them that, were it not for the fact that por- 
tions of the State are very frequently excited over reported silver 
discoveries within the limits of Missouri, it wonld not be necessary to- 
make morethan a passing allusion to this fact of the invariable ab- 
sence of notable amounts of silver from oar ores. Periodically re- 
ports appear of discoveries of rich silver ores, the search for which 
originates from some vagne tradition connected with De Soto's expe- 
dition, or with the mythical silver mining Indian, and which generally 
have no more substantial basis than a few specks of calcite or pyrites, 
in a limestone, or at the best, the discovery of a galenite of fine- 
grained texture, f 

I have collected the following results of the estimation of silver 
in the galenas from various parts of the State, the results being 
given both in per centage and in the customary manner of ounces to 
* Annalei des Hlnes, 4 Ser. vol. xvil, ISSo. 

t These are facts within my own experience, for I can count upwards of fifty cases 
where limestone has been brought to me for silver ore. In anumtierof cases, yielding:' 
to the importuntties, assays have been made, It is needless to say with what result, and 
vltbout carrying conviction. 
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the ton of two thousand pounda of ore, and are accompanied, wher- 
ever it was knowD, by the per centage of pure galena, or lead sul- 
phide in the ore : 



Odmces, 
Pbk Ton. 



Mine La Hotte .. 



Mine La Uotte 

Mln« La Hotte 

Ferrj'a MtoeB _ 

Potosl Mining Company- 

Yillage DIk^k^i Granb^... 
Holmao Dig0ngi, Qruiby^., 

Trent TUgsHags, Granby- 

EaatPolnt Digjinga, Granby. 
Temple Diggings, Joplln .... 

Swindle Diggings, Joplln 

Oronogo 

Jefferson county _ 

Franklin oonnty- 

Plielpa county- 

Flielps ooiinty_ 

Maries county- 

PnlaskI county 

Wright county 

Laclede (?) county— 

Crawford county 

HlUer county - 

Morgan county 

Horgan county.. 

Morgan county 

Madison county- , 



.0013 
.0009 
.0012 



,.0021 
.0031 
.0114 



.0011 
none, 
trace, 
trace, 
none. 
.0124 



1.00 
8.76 
0.75 



0.36 



•WellCrystallzed." 



91.S4 
gs.OH 

47.87 
83.86. 
■94.00 
89.12 

84.29 



Aesays I to V are by Dr. Litton, ( Swallow'a Report, 1854 and 1865); 
"VI to XII, Chanvenet (Broadhea^s Report, 1878 and 1874); XIII to 
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XXI, by myself, or trnder my direction in this laboratory; XXII to XXyi 
by OhaoTenet {loc. cit.) 

The nambei of assays and the range of localities might have been 
greatly extended, but enongh has been given to show the qnality of 
the Miasonri galenite, in respect to the amount of silver contained. 
The maximum amoaut thus far foand, ie in the specimen from Jack's 
diggings, Mine la Motte, (XXYI in the list), and gives a valne of 
$5.16 per ton of similar ore. This value is entirely too small to cover 
expenses of desilverizatioD, even if the separation of silyer and lead 
could be fully made in practice. Reference to tbe varions analyaes- 
of the pig lead from the farnaoes using ores from the mines of MiBsoori 
will show that the amount of silver present in these ores must have 
been small and scarcely noteworthy. 

Antimony is of very frequent occurrence in galenite, upwards of 
five per cent, being recorded as existing in the ores from some foreign 
localities. It probably exists as antimony tri<8ulphtde (stihnite) either 
aloue or combined with other metallic sulphides, and disseminated 
throngh the galenite. In whatever form of combination, its presence 
is objectionable, for its eeparation by known mechanical means is- 
impossible, and its presence in the fnrnace causes loss of lead (and 
silver) by volatilizatioD, and impairs tbe qaality of the metallic 
lead. 

Careful analyses, made either by myself or under my direction,, 
were undertaken to determine the existence of antimony in the Mis- 
souri galenites, and its amount, if found to exist. Komerons speci- 
mens of ores, pig leads and slags have been examined, nsnally operate 
ing on large amounts, and while tbe results show that antimony is^ 
almost invariably present, it always occurs in amonnts too small to 
exert any marked influence either on the smelting processes or thfr 
resulting lead. Its existence in the galenites of Missouri is therefore 
a point more of scientific interest than of technical importance. (For 
results see table of results of analyses, galenites, pages 16 and 17, also- 
analyses of pig leads from the various furnaces.) 

Araenio has been found in faint traces in some of the ores, and 
shows in small amonnts in the metallic leads produced in the State. 
It operates in the same direction as antimony, but the remarks above- 
concerning tbe latter applr equally to the arsenic. 

Zinc as sulphide (sphalerite or blende, the hlaok jaoJc of the 
miners), occnrs in, association with galenite, either intimately mixed 
with and dissemiaated throngh it, or so coarsely associated with it that 
each mineral is easily diBtinguished by tbe eye. In cases of intimate 
mixture or dissemination, mechanical preparation will not effect any- 
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thing approaching a thorough aepftration of the two materiaU, while 
In the other cases hand-sorting will relieve the galenite largely of its 
associated hlende. Its action in the furnace, within certain limits, ie 
not sensibly iojarioaB beyond the increased Iobb of lead by volatiliza- 
tion, nor is its presence sensibly felt in the metallic lead, for the latter 
does not appear to be able to take up in the furnace but a very small 
per cent, of its weight of metallic zinc. 

Cadmium, where found, is probably an associate of the sphalerite 
rather than of the galenite. In selected specimens of nearly pure 
galenite, it is found only in mere traces, and I have been able to find 
it in the metallic lead in but one case, and that of metal produced 
from the treatment of slags. (Granhy slag lead, 0.00296 per cent. 
«admium.) 

Both modes of association of the blende and galenite are common 
in the lead deposits of the State, but the most frequent is that of loose 
association, which permits of easy separation of the two minerals. 
Large amounts of hlende are thus produced as an incidental or sabor- 
-dinate product of the lead mines of the State. These matters will 
be more fully treated in the section of the report devoted to the zinc 
industry of the State, but the annexed analysis of blende may not be 
without interest in this connection. 

Analyses I. was made under my direction by Mr. John D. Greason, 
the specimen showing a small amount of calamine and giving a separa- 
tion of gelatinous silica, on treatment with acid. The silica is there- 
fore assumed as existing as calamine, and from it the amount of the 
■other constituents (zinc, oxide and water) were calculated. The speci- 
men was from CJranby, Newton county, and was of a yellowish-brown 
color. The association of blende and calamine is not uncommon, and 
is thus described by Schmidt {loc. cit., page 391) : 

"In many places the blende seems to pass gradually into cala- 
mine, there being between the two minerals a layer of dark colored, 
fine- grained hlende, intimately mixed with portions of columnar struc - 
tnre, and resembling calamine. This mixture passes into regnlar 
'Columnar or fibrous calamine, which itself is dark colored near the 
blende, and is lighter and more transparent the more remote it is 
from the unaltered blende. Single crystals or large crystalline aggre- 
gations of blende are often surrounded by a thick layer of calamine 
of botryoidal form and radiating columnar structure. The surface of 
the enclosed piece of blende is then generally corroded and tarnished. 
Blende, especially the coarsely crystalline variety, is often intimately 
mixed with galena. Mr. Broadhead observed, at Leadville, round 
globules of from one-sixleenth to one-eighth inch in diameter, grayish- 
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brown color, aod radiating fibrous struoture, on crystals pf galena. 
Mr. Chauvenet analyzed them, and fonnd them to be pare ealphnret 
^Bulpbide) of zinc, without any iron or lead." 

Analyses II and III are by Mr. Ohaavenet (loo. eit.): 





Granby. 

[Gteaacn.] 


Leadvaie. Jopliu. 












0.623 0.509 


„ 




Antimony- ... 


O.OOIS 


















Water 


0.231 

1.361 
0,M3 

1.148 






■Gangue, Magnesia 

Carbonic add 







Iron occurs probably as pyrite, which is not objectionable in the 
furnace charge in small amounts ; or perhaps in soiae ores as mis- 
pickel or arsenical pyrites, which introduces arsenic into the lead. 

Copper, in the form of chalcopyrite or copper pyrites is notice- 
able in the galenite from some of the localities of the southeastern 
district (St. Joe Mines, Mine la Motte). Smaller amounts of copper 
pyrites are fonnd 'associated with the ores in almost all the deposits 
of the southwestern and central districts. Other forms of copper 
combinations or minerals doubtless oconr in the galenite, for very few 
-specimens but give small amounts of copper oq chemical analysis, 
tbongb no chalcopyrite or other copper- bearing mineral can be dis- 
tingnished under the magnifying glass. 

NioTcel and Cobalt are fonnd in notable amounts in association 
with the lead ores from the Mine la Motte property, and are a source 
of profit in the metallurgical treatment of those ores. Other local- 
ities in the southeastern district also yield nickel-bearing minerals as 
associates of the lead ores, and traces or small amounts of nickel are 
found in many specimens of apparently pure mineral from many 
localities in the southwestern, and, more rarely, from some in the can- 
tral region. Most pig leads smelted in the State show small but still 
appreciable amounts of nickel on careful analysis. 

The results of analyses of ores from various Missouri localities will 
exhibit the character and amounts of the foreign metals — excluding 
the silver — found in the galenite mined in this State. No estimations 



LEAD FUEHACES ASD PRODUCTS. 



were mad^ of the snlpbar and lead, becaase, aa the specimena were 
generally selected as being free from visible admixture of foreign sol- 
pbides, BQcb estimations wonld bave no practical significaiioe. Effort 
was made to have the specimens analyzed as free as possible from 
earthy gangnes, but wherever otherwise, note is made in the descrip- 
tion of the locality : 

FOKKION HkTALS IK APPARENTLY PURB OaLKHITK. 

SouthiBtitem Region. 





Percent 

Antimony 


Per cent 

Copper. 


Per cent. 
Iron. 


Per cent. Per cent, other 
Zinc. foreiifn metals.. 














a 


.07429 


.OMTS 


.02169 


.0093S Mtckel.. .066a 


IIL 


.00661 


.00239 


.08602 


1.35654 








.01038 


.13020 


2.02701 





















































.09240 


.10601 










XI 






.68S0 


61.96314 




xn 






.07040 


.06771 








.0423a .02870 


.02011 Ni trace. 






XV. 


.04178 


trace. 


.02310 


.00804 Ni 09756. 






.15141 
.0079B 
.01197 
none. 


.06040 
.07050 
.00080 
.02940 
.02240 


1.26S62 
.002SB 
.00602 
trace. 
.00372 
















.04754 
trace. 




YTT 






trace. none. 
.00392 .02161 


.78400 
.02518 

Begion. 


.00019 
.039«i 












XXV 


.05069 


4.0667 


S.1304 


.8265 


Cd... trace. 






.0730 


1.681 


.2160 


Aa... .002 
Nl... .012 
Co- .028 






XXVIL 


.032 


.097 


1.583 


.339 


As... .003 
Nl... .031 
Co_ .019 


XXVIIL 


trace. 


none. 


3.529 


.040 


Ni... .214 
Co .. trace. 




trace. 


.080 


1.953 . 


.o.e. 


Nl... .168 








XXX. 


.... trace. 


.103 


1.135 


trace. 


Nl... .218 
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JUgUm. 






XXXI 


Per cent. 
AnUmonr. 
010 


Per cent. 

Copper. 

.009 


Per cent. 
Iron. 

.118 


Per (ent. 
Zinc 
.034 


Per cent, other 
foreign metals. 
Ab trace. 














XXXIIL 


031 


.on 


.011 


.054 


A« 02S 


XXXIV 


OOi 


trace. 


.056 


.015 


Aa 009 


XKXV 




.764 


.481 


.374 








13.319 


13.617 


.020 


Ni... .238 






Co» trace. 


XSXVII 


none. 


0.798 


3.244 


0.611 


N1&CO.0.137 


XXX VUI 


trace. 


0.167 


1-659 


i.ava 


' ' 0.613 


XXXIX 


trace, 


0.040 


0.067 


0.337 


• ' 0.042 















No. I. Washed galeoite from jig at Granby, Newton county; 
II, block miaeral, Jasper coanty,JopIin; III, block mineral, Granby ; 
IV, V and VI, washed mineral from jigs atQranby; VI, Holman'e 
diggiDRs, Newton connty. Obaurenet's analysis of ore from these dig- 
gings shows: (loo. oil. page 388,) lead, 84.06; zinc, 0.94; iron, 0.16; 
antimony, none ; silver, 0039 [=-li oz. per ton of 2000 lbs. ore] ; silici- 
oas matters, 0.61 per cent. The lead corresponds to 97.05 per cent, 
^alenite, and the zinc, to 1.4L per cent, sphalerite; VIII, Birch dig- 
gings, Joplin, Jasper coanty; IX, another specimea from same local- 
ity as VIII; X, XI, XII, from Joplin; fXI, was almost entirely 
sphalerite, bat analyzed to ascertain if the blendes of a given locality 
were more antimonial than the galenites of the same locality] ; XIII, 
McGee shaft, Holm'an diggings, Graaby; XIV, Dade connty. 

XV, block mineral of remarkable purity, selected at the Eagle 
Furnace, Sec. 23, T- 43, R. 14 W., Coleiconnty; XVI, Oole connty, 
exact locality not known — collected by previous surveys ; XVII, ore 
used at Mnrpby and McOlnrg's furnace ; XVIII, Pioneer furnace ore ; 
XIX, Star furnace ore; XX, Buffalo furnace; XXI, ore used at 
"O'Brien's Scotch hearth ; XXIL, large crystals, from Richardson'e 
Ozark shaft, Ozark township, Phelps connty. 

XXV, SU Joe Mines — with' visible admixture of chaloopyrite, 
pyrite and blende — contained 31.032 per cent, lead; 5.826 per cent, 
siliua, besides calcite, and showed distinct traces of nickel, but the 
amount was not estimated ; XXVI, " sludge," from the washers at the 
St Joe mines; XXVII, from washers at St. Joe mines — headings; 
XXVIII, from Bluflf diggings,; Mine la Motte; XXIX and XXX, 
washed ore from Bluff diggings, Mine la Motte, sludge and headings, 
respectively; XXXI, ore used at Valle furnaces, Jefferson connty; 
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XXXII, Jefferson county — No. XHI of the silver assay results; 

XXXIII, Perry furnace, near Potosi, Washingtoa coaaty; XXXIV, 
Hopewell furnace, Washington county; XXXV, galenite, washed 
from Scotch hearth residnes at Hopewell fnrnace for re-treatment ; 
XXXyi., from '' Seed-tick diggings," Mine la Motte tract, analyzed 
under my direction by W. 0. Minger — sample showed chalcopyrite; 
XXXVII, ore from Mine Desloge, containing 19.675 per cent, lead by 
humid analyaia; XXXVIII, XXXIX, XL, dressed ores from Desloge 
concentrating machines, containing respectirely 63.61, 76.42 and 67.96 
per cent, metallic lead, estimated by fire assay, each, mean of two. 

OTHER SULPHUBBTED ORES. 

The following species containing lead and snlphnr are described 
by mineralogists : 

ziscKBNiTE {G. Rose,) 

contains, by theory, sulphur, 22,1 ; antimony, 43.6; lead, 35.3;. resem- 
bles stiboite and bournonite, bat ia diBtingoished from these by its 
greater hardness and higher specific gravity. 

PLAQiONiiE (Q. Bose,) 

has the following per centage composition: snlphnr, 21.3 ; antimony, 
38.2 ; lead, 40.5. 

jAHESonriE (Haidinger,) 

contains, theoretically, eulphnr, 21.1; antimony, 32.2; lead, 43.7; 
iron, 3.0. 

B0TTLAM8EMTE, (ThauIoW.) 

The percentage composition, as calculated from the formala, is a» 
follows: sulphur, 18.2; antimony, 23.1 ; lead, 58.7. 

QEOCHoifiTa (Svanberg.) 

Iq composition it contains, salphnr, 16.5; antimony, 16.7; 
lead, 66.8. 

BouKNOiriTE (Jameson,) 

has the following composition: snlphnr, 19.7; antimony, 25.0 ; lead, 
^2.4; copper, 12.9. Noneof the above species have been noticed in any 
' of the lead deposits of MissoarL It is possible that some of the foreign 
metals (e. g.^ antimony, copper, etc.,) ennmerated in the tables of 
analyses of galenite may be so combined and disseminated through- 
out the lead ores. This, however, is purely hypothetical. 
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B.— OXIDIZED ORBS. 



Of the oxidized ores, three mineial species only are of eignlfi- 
cance to the metallargist, and with reference to Missouri localities* 
bat one requires more than a pasBlng notice. 

Fyrouobphite (Hansmann): Occurs frequently in aggregations, 
either botryoidal, reniform or globnlar; sometimes grannlar and 
fibrous; when crystallized, the forms belongto the hexagonal system, 
being slightly modified six-sided prisms. It has a resinoas luster ; 
color, asaally varions shades of green, from a light yellowish to a 
deep olive. Hardness, 3.5 — i ; specific gravity, 6.6 — 7,12. 

It consists of triplambic phosphate and lead chloride, with 76.4 
per cent, metallic lead by theory. Frequently the phosphoric acid is 
replaced, more or less, by arsenic acid, the lead oxide by lime, and 
the lead chloride by calcinm finoride. 

Beantlful specimens were fennd at the Washington or Silver Hill 
miae,-North Carolina, and at the Chester County and Wheatley mines, 
near Fhcsnixville, Pennsylvania. At the last-named larf^e quantities 
were mined and smelted. The mineral is of very rare occurrence in 
the lead deposits of Missouri. When found it is usually as a coating 
either on galenite or cerussite. It has been noticed only in the south- 
western district. 

AnQLBGiTE (Beadant): Is also of rare occurrence, being found 
in the form of small, yellowish green crystils, with adamantine lust, 
occurring in cavities in crystals of galenite. It consists of sulphuric 
acid, 26.4; lead oxide, 73.6 per cent., and contains 68.3 per cent metal- 
lic lead by theory. 

CEBUBsnE (Haidinger): The only oxidized lead ore metallargic- 
ally important in Missouri. It is lead carbonate, containing, by 
theory : 

Lead oxide 83,5 per cent 

Carbonic add I6.fi per cent. 

1000 
Metallic lead- 77.5 percent. 

Its crystalline forms belong to the orthorbombic system; occnrs 
also granular, massive and compact; color, grayish-white, yellow, 
brownish-black, grayish-black and colorless ; lustre, adamantine, pass- 
ing to vitreous and resinous; hardness, 3.35; specific gravity, 6.47 
to 6.48. 

Crystallized cerussite is- found abundantly at many of the mines 
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in the aoathweetern district, notably at Oronogo, Jaaper connty, 
where excellent specimeoB are foand illustrating the change of galen- 
ite into ceruBBite.* The ores from the npper portionB of the lead 
deposits of Dade connty, show interlacing crystals of cernssite con- 
tained in brown iron ore or limonite. 

A common form nnder which cerassite presents itself at many 
localities in all of the lead regions of the State, is as earthy, amorph- 
ons, compact masses of white, yellow or reddish color. This form is 
the " drybone " of the miners. Of still more freqnent occnrrence is 
the gray or ashy variety surrounding cubical crystals of galenite or 
filling cavities in them. This form is the' "ash mineral" when the 
galenite predominates in the mixture, or the "wool mineral" when 
the carbonate is in exceeds. 

The carbonate ores of the furnaces always contain some lead bqN 
phide and are, in reality, mixtures of cerussite and galenite. The pnre 
or even approximately pore ceruasite ia never found in quantitioB suf- 
ficiently great to warrant notable changes in the routine of treatment 
in the furnaces. 

The following are analyses of the carbonates : 

I. ■ II. 

WiUlame. GhauveneL 

Le&d carboaate._ 81.0770 per cent. (Lead). Q6.iio per ueul. 

Lead sulphide 6.3387 per cent. 

Zinc oxide 2.0914 per cent. 0.75 per cent. 

Antimoay oxide 1096 per cent 

Copper oxide _ 0578 per cent. 

Ferric oxide , 43M per cent. 1.51 percent. 

Insoluble matter , 2.4904 per cent 1M per cent 

Carbonic acid- \ « . . t™«« 

Lime, magnesia / ^" **'* Traces. 

Per cent lead _ 66.a87 

No. I from Oranby ; No. U also from Qranby, described by the 
analyst as " massive ; of brownish-red color." 

Oernssite in the form of stalactites bae recently been found in 
notable quantities in a " dropped opening " or low cave, struck by a 
drift at the Douglass and Morgan diggingB on Sec. 6, T. 25, R. 30 W., 
(Granby Company's property), Newton county. Mr. Thomas Richeson, 
the President of the Gran by Company, kindly presented a specinimen, 
measuring nearly three inches in length and with a diameter at the 
base of half an inch. Some fragments were detached and were found 
to have a specific gravity (at 19° C.) of 6.099, determined by the flask 

* See Schmidt {loe. Hi. page 889) on this point ' 
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method. By analysiajtbe following was ascertained to be the compo- 
Bition : 

Lead carbonate 98.463 per cent. 

Lime carbonste - .— 0.SG9 per cent. 

Magneslc cailraD&te - 0.303 per cent. 

Lead sulphate - 0.107 per cent. 

Ferric oxide - 0.654 per ceot. 

Siltclons matter (claj?) 0.205 per cent, 

99.9S1 

The ferric oxide occare ae mere etaius or patches on the exterior 
of the specimen.* 

C— A8S0CI4TES OP LEAD 0RE8— GANGUBS. 
Calcitb (EaidiDi;er.) 

Thie mineral is almost the exclnsive gangne of the ores in the 
Bouthwestera region, and preponderates also in the deposits of the 
central and soatbeastem regions. Chemically it is lime oartonate. 
Its crystaline forms belong to tbe hexagonal system, the cleavage being 
eminently rhombohedral. Hardness 2.5 — 3; lustre, vitreous; color 
ranges through a great variety of shades, from the ooloriesB varieties 
to white, gray, yellow, red, brown and black. 

Its most common form in the lead deposits of the State is that of 
a coaraely crystalline mass, generally colorless, or nearly so, and 
translncent. It is known among the miners as " glass tiff." Speci- 
mens analyzed in the laboratory of the survey show the annexed 
composition. 





Jefferson County. 

Garrena. 

Mean of two analyses. 


Newton County 
WlUIama 

97.962 per cent 
1.853 " " 


MaKnesie carbonate 


, .945 










99.672 
Dolomite (Kirwan) 


100.068 



Is isomorpfaous with calcite and consists of lime and magnsia carbon- 
ates. In the Bonthwestern deposits it is a very common gangne, 

* For analysis of stalactites of cernsslte from Brlgham's dif^gings, Wisconsin, by 
J. D. Whitney, consult Dana, p. 701, 
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occurring either in densely crystalline massea, or loosely aggregated 
crystals, with carved faces, reddish brown on the surface, but color- 
less interiorily. The surface coloration is due to the change of fer* 
rouB carbonate (isomorphons wit)i and more or less replacing calcic 
and magneaic carbonates in calcite and dolomite) into hydrated ferric 
oxide or limonite?) Ohauvenet (2oc. cit. page 396) finds two speci- 
mens of dolomite from Joplin to have a composition as ander : 

r. II. 

Moon Di^ngs. Uorphy'a Digfrin^g. 

Caleic carbonate 54.72 64.52 

Hagneaic carbonate ^ - 41.98 44.85 

Ferrous carbonate ; 2,W 1.14 

InBoluble matters 1.24 0.26 

100.88 100.75 

Theoretically dolomite requires, 

Galdc CBTbonate 54,35 per cent. 

Uagneslc carbonate. - 45.65 per cent. 

So that both the specimens analyzed approach very closely the 
composition calculated from the formula. 

Dolomite is one form of " soft tifi^" so-called by the miners. 



SiDEBiTK (Haidlnger.) 

Ferroas carbonate has not been noticedasadistinct species in any 
of the lead deposits. It is found replacing magnesic and calcic car- 
bonates, as above, and occurs also dissolved (aa acid ferrous carbon- 
ate) in mine waters. 

Bariti (Earsten?) 

Oommonly called A«av^«^iir or ^ar^^ea, and by the lead miners 
of Missouri " bald tiff," or "soft tiff," is an important gangue in the 
deposits of the central and southeastern regions, subordinating in 
abundance in these, only calcite and dolomite. It has not been recog- 
nized in the deposits of tUe southwest, though I have found it in 
minute amount in a mine water from Orouogo, Jasper county. 

By theory, barite contains: Baryta, 65.7 per cent.; sulphuric 
acid, 34.3 per cent. Two specimens of white, coarsely laminated 
variety, from Jefferson county, have been analyzed in this laboratory 
with the annexed results: 
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W. 0. MlDger. J. D. Orettson. 
' Specific gravity at 4°C _ 4.8100 

Banc sulphate _ 98.174 9».791 

Strontlc sulphate _ 0.600 1.438 

<3alclc sulphate _ trace 0.825 

Ferric oxide : - 0.176 0.191 

eilioa _ 0.898 1.300 

IfruUiou, loBS - 0.161 0.148 

100,202 100,091 

On Hec. 24r, T. 36, R. 9, Phelps coaoty, barite ia found in a horizon- 
tal seam Id mixtare with galenite, and in a cave on the same section, 
rounded pebbles cf the same mineral, coated with oxide of manganese, 
iire foand in a small stream. 

Sn.ICA AMD SlLlCATXS. 

The silicioDs minerals noticed in association with the lead ores, 
«re silica itself, either as qnartz, (rare,) quartzite, sand or chert 
^qoite common); or silica in combination, as clay and calamine. The 
chert freqnently contains galenite, in intercalated seams, filling small 
■cracks, or as implanted crystals. A common form is that of a brec- 
-ciated mass of fragments of chert, cemented by crystalline sphalerite, 
with small amounts of galenite intermixed. The chert passes, at 
times, into sand, wfaite, or more or less colored by ferric oxide ; some* 
tim^s slightly argillaceons, and occasionally impregnated with ceru- 
eite to a small amount At other times it changes abruptly into a 
micro crystalline quartzite, sometimes of a light gray color, but gen- 
erally of a dark brown or black color, and containing galenite and 
sphalerite. 

Two chief varieties of clay are noticeable, and are locally distin- 
.guishedas " tallow clays," and "red tough clays." The first is unc- 
tuous to the' touch, slightly plastic, and on exposure to the air, cracks, 
4ind finally crumbles to a greasy powder. Crystals of galenite are not 
uncommon in this clay. The " red tough clay " has a mach higher 
degree of plasticity. Its color is either yellow, brownish red or deep 
red. 

Calauink. 

Or hydrous zinc silicate occurs in large quantities, in association 
with the lead ores, and is of great value as a zinc ore. Its features 
and modes of occurrence will be described when treating of the zine 
•ores of the State. An analysis of a specimen from Granby, made by 
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Mr. Obristian R Winters, ander my directioD, gave the followins; 
reBalts : 

I. 11. Menti 

BiUdo Bcid 35.248 25.736 25.48t> 

Zlno oxide - not est. 6G.81S 66.813 

Ferric oxide— — 1.280 .999 1,114 

Liaie_ trace. trace. trace. 

Water. 7.617 7.487 7.602: 

100 918 

Metallic zinc. .' 6S.62 

D.-OTHER ASSOCIATES OP THE LEAD OKES. 

LufONiTE, or the eo-called brown hematite iron ore, is of general 
occurrence in the deposits, being a product of the alteration of pyiite 
or siderite. Paeudomorpbs after pyrites' are not unoommoo. 

SMiiHsoiinTE (zinc carbonate) and metallnrgically are of the mosj; 
important ores of zinc, occurs very generally, but less abundantly 
than calamine. The lead deposits of Bade county yield large quan- 
tities. Two specimens from a shaft belonging to the Dade County 
Mining and Smelting Company, and taken at depths of twelve (I) and 
thirty-five feet (II) below the surface, gave in this laboratory: 

1. II. 

Pack. Oh man D. 
Dumesnll- 

Zinolc carbonate _ 83.000 9J.440 

Ferrous carbonate- 1.933 4.010 

Caldc carbonate- 0.803 1.525 

Hagneslc carboDat«- 0.861 0454 

Ferric oxide- -. 8.046 800 

Alnmlna,- 2.673 0.261 

Silica,-. ;. 7.390 0.477 

Water.._ 0.165 

99.770 100.277 
MetalUczinc- - 43.01B 18.618 

AzuRiTE and Malacbite (basic copper carbonates) are found in 
small amounts al many deposits, especially at those in Morgan, Miller 
and Cooper counties, resulting from the oxidation of chalcopyrite. 

GoSLARiTE (zinc sulphate) and Cttpsdm (hydrons lime sulphate) 
are found abundantly dissolved in the mine waters, and result from the 
oxidation of sphalerite and other sulphides, and from the action of 
free eulpharic acid thus produced, upon the lirae carbonate. 
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Chaloabihitk (copper Bolphate) is also foand in minate amounts 
in the same waters, and has a sioiilar genesis. 

Bitumen, either in the plastic or the liquid state, is found in tb& 
mines of Jasper county, in cavities in the limestone associated with 
sphalerite, galenite and calcite. 

The chemical analysis of the water from the mines at Oronogo^ 
Jasper county, is here introduced as throwing light on the genesis of 
the various ores and minerals fonnd in the lead deposits of the State. 
The samples were collected on two consecntive days. The absence 
of lead sulphate is noticeable, none being detected, though careful 
search was made : 

Analyata of Mine Water from Oronogo — ResulU in graim per gallon of SSI cubic inchet, 

I. II. 

Williams. Hare. 

Soaiam chloride -... 0,16082 grrfng. .18094 grains. 

Sodium sulphate - 0.^9009 " .48E81 

Potassium anlphate - 0.ai879 " .83772 " 

Calcic sulphate 27,98803 •' 28 3I66B 

ftagnfslc sulphate 2.74154 » 2.23635 " 

BarlcBulphate 0.08164 " .0ni6 " 

Zinc sulphate 13.14142 « 13.08009 

Copper sulphate 0,01711 " .01171 

Alumina sulphate. 0.58949 '■ .69906 " 

Calcic carbonate -. 4.58645 " 448954 

Ferrous carlioDate -. 2.29817 " 2.73370 ". 

Uanganous carbonate trace. trace. 

Arsenloag add - 0.11877 " .15198 "^ 

AnUmonous actd 0,12233 " .13022 

SUlde acid - 0.81645 " .64033 

Organic matters..... 4,14058 " ' 3.0300* " 

Total SOllda 57 60315 57.18282 

The copper, arsenic and antimony were obtained by the treat- 
ment of four litres of water, and distinct traces of Cadmium were 
found in the same amount. The other constitnents were estimated with 
the amoants ordinarily used in mineral water analysis, the method of 
FreseniuB. [Quantitative Ghem. Ajud.-, 4th English edition, pag» 
506, et 8eq.^ being followed with such deviations as were found neces- 
sary from (he presence of the extraordinary constituents. 

GENERAL OUTLINE OF THE METALLUKGY OF LEAD. 

The extraction of lead from its ores is carried on in various forms 
of furnaces, referable, however, to three types, and giving rise to 
three chief methods, distinguished as 

I — ^The Reverberatory, or air furnace methods. 
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II — ^I'lie Blast farnace [shaft or cupola farnace] methods. 

Ill— The Hearth methods. 

In the second and third methods, the chemical chsngeB id the 
materials to be treated ate aided by a blast of air from auxiliary 
blowing apparatus, while in the first the natural draught of the stack 
or chimney alone is relied on. 

The Reverberatory and Hearth methods ouly find general employ- 
ment in Missouri, The blast furnace methods proper being employed 
to a limited extent in the treatment of residues (or so called slags) 
from the other processes (Granby, Joplin and elsewhere) or for 
treatment of residues and nickeliferous ores for nickel mattes and lead, 
as at Mine la Uotte. 

I — Reverleratory Treatment is applied.ohiefly to high grade ores 
which have, as their associated gangnes such minerals, the constitu- 
«nts of which do not readily unite with lead oxide to form fusible 
glasses or slags, but which tend rather on the contrary, to interfere 
with the futsion of the oxidized lead compounds formed in the smelt- 
ing operations. Calcic carbonate and barite are therefore favorable 
gangues. The method is not usually applied to the treatment of ores 
with silicious gangues without the use of metallic iron as a desulph- 
vrant, and in such cases it is commonly supplanted by the blast cupola 
methods as the more economical mode of extracting the lead. 

Two forms of reveberatory treatment are in use: 

A — The method of reaction, as it is commonly called, but more 
properly, the method of air reaction, in which nearly all the lead is 
produced through the agency of atmospheric oxygen, a series of re- 
actions between various oxidized lead compounds and lead sulphide 
being induced. It involves two principal stages, a first, or roasting 
stage, in which a part of the lead sulphide is united with ozygen (o form 
lead sulphate (FbS becoming FbS04), or is changed into lead oxide 
<PbO); secondly, a reaction stage proper in which, under increased 
temperature, the oxygen compounds react on the unchanged sulphide, 
with the metallic lead and sulphurous acid as products. This stage 
may be better understood from the following equations commonly 
employed to represent the reactions taking place, though practically 
these reactions are much more complex than can be thus indicated: 

PbSO,+PbS= 2 Pb+2S0, or 
a PbO+PbS= 8 Pb+SO,. 

The reverberatory furnace consists essentially of a combustion 
chamber {dre hox) communicating by means of an opening or flame 
passage with a second chamber (or hearth) in which the materials to 



LEAD FURNAjCES AHD PRODUCTS. 27 

be treated are broagbt under the inflaeaoe of the beated gaaea and 
prodacts of combustion from the fire box. The lower part of tlte 
beartb (sole) ie separated from the fire box b; r dam (or Hre-hridge) 
and is Burmonoted by a low flat arch, cootinaous with the top of the 
fire box, and with the opening connecting the two cbambera. One or 
more flues, at the eod of tbe furnace furthest from the fire box 
«arry tbe products of combustion and the volatile prodnote of tbe re- 
actions on the hearth to a stack or chimney common to several fur* 
nacee. Yarions openings {or work doors) give access to tbe fire box 
and to tbe hearth for parposes of introducing tbe charge and for 
manipulating it during the operations. Certain proportions between 
the various parts bav'e been found best adapted to certain kinds of 
work, but these vary in different famaces according to the purposes 
for wbicb tbey are intended, and according to local condition, such as 
character of fuel and ore. Commonly, however, tbe length of the 
grate bars of the fire box is equal to tbe breadth of tbe beartb. The 
length of the hearth is from 1 to 2.5 times the breadth, and the height 
of the arch above the fire-bridge is usually from on^-third to one-half 
that of the arch above the 8ol&.* 

Tbe reverberatory reaction method bas been variously modified 
in so far as the arrangement of the parts of the fnrnaoe and the 
i3etails of operations are concerned, but three chief systems of con- 
ducting it are recognized and named from localities, fnrniahing typical 
examples. These three systems are: 

a— The Carinthian. 

b— The FliatBhire or Euglish, and 

c— The French. 

In all processes there remain on the sole of the reverberatory 
materials rich in lead, which give rise to a stage of treatment addi- 
tional to the two already mentioned, having for its object the recovery 
of a further amount of lead. Tbe features in conducting the rever- 
beratory reaction method become, therefore, as follows : 

First stage-period of oxidation. The ore to be treated is spread 
over tbe sole of the reverberatory and gradually brought to a low 
red beat. The charge is stirred in order that the oxidation may be as 
uniform as practicable, and the temper&tnre is so controlled that tbe 
materials being treated may not be agglomerated or fused — conditions 
wbicb would seriously operate against oxidation. During this period, 
lead oxide and lead sulphate are produced. The duration of tbe 
operation varya according to tbe arrangements of the furnace, and 
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accordiQK to the weight and grade of the charge. The preBence of 
oarboaate or other oxidized lead ores in greater or lese amouots pro- 
portionally Bhortene the time reqnire'l for oxidation. Under ell cir- 
cumstancea the oxidation period ia brought to a cloee before all th& 
lead sulphide is changed. With regard to the time required, experi- 
ence alone can determine for each special inBtance ; in general, it 
may be stated that the time necessary for the first stage in the treat- 
ment of 460 lbs. of 65 to 72 per cent, galena ores with soft wood fuel 
at Bleiberg (Carinthia) was three hoars, while in the English 
furnaces from 16 cwL to 1 ton of 70 to 75 per cent, ore requires two 
honrs (for first Aring) with coal as fuel. 

Sboons Staob or DEoxiDiztirc) Period : The atmosphere in th& 
furnace is rendered iees oxidizing and the roasted materials are 
brought rapidly to a cherry-red heat. At about this temperature the 
reactions between the lead sulphate (or lead oxide) and the unchanged 
lead sulphide begin, resulting in the production of metallic lead and 
sulphurous acid. The lead runs down over the sole of the furnace 
and collects in a basiii or sump in the sole, and is tapped thence into 
a kettle exterior to the furnace (Flintshire), or runs directly as 
reduced into the exterior iron kettle (Bleiberg-Oarinthian), The 
residues of the Flintehire furnace are either pasty and are raked out 
(gray or drawn-slag) or in certain cases are melted and tapped, (run- 
slag) and ate passed to other treatment ; those from the Bleiberg are 
pasty and are treated in the same furnace. 

During this stage frequent manipulations of the charge are neces- 
sary in order to bring about intimate contact of the lead sulphate (or 
oxide) and the lead sulphide. The operation ia terminated when the 
lead ceases to fiow. The temperatureof the furnace is then somewhat 
lowered, and a roasting (or first stage) again brought about, and then 
again a second period, thns alternating the roastings and reactions, aa 
long as lead flows and the residues bare not passed into a state of 
liquid fusion. The length of time necessary is largely influenced by 
the care and skill of the workmen in the first or roasting stage. 

The French method is different, in so far that the roaatinsr stage ia 
prolonged until the roasted mass is caked together, and drops of lead 
appear, and the second or deoxidizing period is characterized by the 
introduction of carbonaceous matters (wood and coal s'ack). The 
lead is collected in a sump. The process is adapted to ores more 
highly silicious than are usually deemed suitable for being worked by 
either the Bleiberg or the Flintshire method ; but the consumption of 
fuel is greater, the yield is smaller, and the loss of lead greater.* 

•Percy's Metallurgy of Lead, page 215 ; Crookes & Rjihrig {KerVa) Metallurgy, 
page 58. 
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Third or Supplehsittaby Stage: The matters remaining on the 
sole of the farnace after the repetitions of the two proper stages, are 
still rich in lead, existing as oxide, sulphate, silicate andsalphide, bnt 
in such forms of combination or in such physical condition that further 
reactions among themselves are not possible by a continuance of the 
■ordinary operation. To restore the physical condition necessary for 
the reactions between the lead salphate and sulphide, and to reduce 
the oxidized compounds to the condition of metallic lead, lime or 
charcoal is introduced into the residue and the temperature of the 
furnace is raised. Charcoal is oxidized at the expense of a part of 
the oxygen lead compounds producing carbonic acid, which, escaping 
through the materials, renders them more porous and induces a condi- 
tion favorable for further reaction between the remaining oxidized 
lead compounds and the lead sulphide. Lime acts mechanically, ren- 
dering the materials less fusible and more spongy, thereby allowing 
further reactions as above. There is also a possible chemical action 
of the lime, but on this poiat metallurgists are at variance. 

The choice between charcoal and lime as reagents in the third 
period is influenced chiefly by the manner in which the roastings and 
reactions have been carried on, but is limited also by the fact of the 
-ores being argentiferous or non-argentiferous — for silver bearing ores 
lime being preferable as rendering a cleaner slag, that is, one freer 
from silver. la the Enelish furnaces lime is most commonly em- 
ployed, while at Bleiberg the residues of two charges are treated with 
charcoal {pressing), resulting in the production of less pure lead 
{press lead — Presshlei). 

As will be seen in the section devoted to the details of air-fur- 
naces throughout this State, the supplementary stage is rarely resorted 
to. This is manifestir advantageous, so far as the production of a 
uniformly good quality of lead is concerned, but in all other respects 
is wasteful, and therefore to be condemned. At present the abundance 
of high grade ores may perhaps palliate this want of economy, but 
the treatment of these rich residues in the reverberator/ must even- 
tuaUy become part of the method. 

The residues from the reverberatory are, when rich enough, passed 
to treatment in slag furnaces by methods which ere of the type of 
the blast or cupola furnaces, and will be comprehended from the 
descriptions given of tbese on subsequent pages. The Missouri fur- 
naceS) as before noted, usually disregard these residues. Occasion- 
. ally, however, when conditions of transportation are favorable, they 
are sold to some of the lew more complete establishments at which 
alag furnaces are run, and are there treated for a special brand or 
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6lag lead. AoalyBes of these reaidues will be foond in the seotion in 
which the details of the air farnaces are given. Annexed are analyses 
of Flintshire Gray Sloff for oompariBon :* 

Per c«nt Per cent 

Lena Bulphlde -. O.&O 

Lead sulphate _ 9.B5 18.78 

Lead oxide 4S.S7 38.08 

Zinc oxide 7.62 12.0l> 

Lime 12.68 13.50 

Alumina- „ 8.01 0.71 

Ferric oxide. 3.86 Ferrous oxide- 3.8» 

Silicic add (oombiaed) - 12 62 12.32 

Reeldue - 0.02 

Sg.66 99.23 

Metallic 1p^ 62.88 48.142 

In addition to lead in the residnes, there is a further aoaroe of loss 
of metal, arising from the volatility of lead and its compounds. This 
loss is inherent in all methods of lead separation, but varies greatly 
in degree in the different forms of treatment. At well arranged eatab- 
liahments means are provided for the condensation or collection of 
this volatilized lead matter or fume, by the introduction of a series of 
condensing chambers or other apparatus between the furnace and the 
stack; bnt these methods have not become of general uBe in this 
State where abundant and high grade ores and cheap raw fuel, coupled 
perhaps, with a laudable desire on the part of the smelter to produce 
an uniform grade of soft lead, have diverted attention from these appa- 
rently minor, but, in reality, important adjuncts to economical smelt- 
ing and to the sanitary condition of operatives as well as of a neigh- 
borhood. 

The composition of lead fume will be seen from the annexed 
analyses, I, being fame from the reverberatory at Qranby, Newton 
county, by myself, and II, from reverberatory at Pontgibaud, by 

Rivot: 

I. II. 

Lead sulphate _ 76.750 39.0O 

Lead sulphide - .188 4.50 

Lead carbonate 6 189 35.00 

Lead oxide 8.ST1 Zinc oxide... 2.70 

Ferric oxide , 1.147 

Antimonjr oxide. 903 

Arsenlous oxide _ trace. 1.60 

Zinc chloride 019 

Zinc sulphate 1.675 2.30 

• Percy " MeialUir^y^Ltad," pages 386 and 239. 
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i. IL 

Cadmium sulphate - trace. 

Calcic aulphate 923 

ilafnealc aulphate _ .660 

Insoluble residue - 2.610 Silica nnd cl&f..1i<.aO' 

»8.365 98.20- 

Per cent, metallic lead. _- 86.156 68.268 

Percent, metallic zinc „ 0.676 8.08- 

Tbe compoeitioD of the fame and its amoaDt are, of coarse, largely 
iDflaenced by the composition of the ore and the obaraotet of tbe 
treatment which the latter receives. Tbe quantity ie mach greater 
than Is realized by our emeltere, being fully five per cent, of the fire 
assay valneof the lead contained in the ore. Eilere,in a paper on the 
avoidable waste at American I^ad Smelting Works,* estimates that 
the loss by fame and dust at tbe Utah Smelting Works, averages- 
fully nine per cent, of the value of the original contents of the ore. 

In tbe reverberatory air-reactioo method, the presence of small 
amounts of blende — not exceeding twelve or fifteen p«r cent, of the- 
charge — is regarded as advantageons, since it renders the mass, after- 
oxidation, less fusible, and io better condition for frequent alterna- 
tions of oxidations and deoxidations. On tbe other hand the presence 
of blende is disadvantageous, because it increases the loss of lead by 
volatilization, the speciGcally light zinc oxide which is produced in 
the roasting, assisting in carrying mechanically the denser lead com- 
ponnds out from the furnace. The action of the zinc oxide in this- 
direction may be inferred from the fact that zinc white or oxide, as 
produced directly from the ores is in each condition that an ordinary 
flour barrel will contain only from thirty to thirty-five pounds of the 
material. 

If the ores are argentiferous, the loss of silver is greatly increased 
through similar action of zinc componnds. 

The experiments of Malaguti and Dnrocher,* made with argen- 
tiferous zinc blende, indicate that the loss of silver in the presence of 
zinc compounds may be very considerable, reaching as much even as 
70 per cent, of the original contents of the ore, but ranging nsnally 
between 15 and 60 per cent, according to the richness of ore in silver 
and zinc, and according to the management of the f urnaces.f 

Pyrite in the ore is beneficial in the first stage, aiding in the con- 

* Trattaacliont Am. Imf. Mining Engineers, Vol. III., pp. 98, et teq. 

* Annalea da Mine*, XVII, 1860. 

t In Journal of Franklin /na(ift»(e, Feb., 1871, this matter has been discussed at. 
some length bf the writer of this reporL 
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. Tersion of lead sulphide into lead anlphate aad oxide. la the second 
Btage, the iron oxi^e, formed by the oxidation of the pyrite, makes the 
charge less fusible, while any unoxidized pyrite decomposes lead, 
■salphate, aiding in the separation of metallic lead. An excessive 
amount tends to the formatioa of matte, and thereby to loss of lead. 
If the pyrite is arsenical, the quality of the lead is impaired by the 
presence of arseuio. Ohalcopyrite acts in a manner analoKous to that 
indicated for pyrite, though smaller amounts work more injariously 
than are required for the latter, since matte will be formed, and the 
-quality of the lead will be injariously affected by the presence of 
copper, gtibnite, and other antimonial minerals, even in small 
amounts (2 — 3 per cent.) are objectionable, causing caking of the 
charge, increased loss of lead and silver by volatilization, and impure 
lead. 

Calcite, barite, siderite and fluorite (fluor spar), within certain 
limits, are either beneficial or not ol^ectionable. Quartz, clay and 
other silicates in small amounts (1 — 6 per cent.) make a fusible charge 
preventing good roasting and interfering with the reactions. 

In cases ^ere argentiferous ores are treated, the lead produced 
in the earlier parts of the processes is richer than that of the later 
periods, as silver sulphide is more readily decomposed than lead snl- 
.phide. 

B — Method of deaulphurization and precipitation hy metallic 
iron: This method is very limited in its application. It may be 
-employed with silicious ores,* unsuited to method A, but has been 
largely replaced by blast furnace methods in the treatment of such 
ores. 

The reaction, in theory,is represented by the equation: 

Pb S + Fe. — Fe S + Pb. 

In practice, three products (besides fume) are formed: slag, 
jnatte (iron sulphide with some lead sulphide) and lead. The amount 
of iron added never exceeds 35 per cent, of the weight of the charge. 
The operations are carried on in reverberatories of smaller dimensions 
than those used for method A, so that higher temperature may be 
obtained. The sole of the reverberatory is arranged with a sump, in 
which the three chief products collect in the order of their gravities, 
and are thence drawn ofif through the tap hole. 

The method is expensive ill fuel, labor, tools, and in the iron for 
the desulphnrant. When argentiferous ores are treated there are 

* Kerl's Handbaeh der Metallarguchen Sallenkunde, Vol. II, p. 89. 
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prodaced rich mattea and slags which reqaire treatment la the blast 
furnace. The advantages it possesses over the blast furnace methods 
are found in the comparatively small cost of the farnace plant, and in 
the fact that raw fuel can be nsed. 

II— BLAST PURNAOB METHODS. 

These are of very general ntUity and comprehend a great variety 
■of details in furnace arrangements and in the manner of conducting 
the operations. In general the furnace is an upright ebaft into which 
the materials subjected to treatment are charged along with the fuel 
i( charcoal or coke) and into which is forced a current of air from one 
or more tuyeres. Formerly the furnaces were of rectangalar section, 
somewhat pyramidal in elevation, narrowing toward the top and gen- 
erally with a single tuyere. Within a few years radical changes have 
been made in the shape of the furnaces ; the size has been greatly in- 
■creased and the number of tuyeres has been multiplied. The im- 
proved lead-blast furnaces are in form of an inverted truncated cone, or 
-an inverted truncated pyramid with a rectangular horizontal section 
with tuyeres on both the long sides, or with a hexagonal or octagonal 
section and tuyeres on all sides. With these changes have come in- 
■creased effectivness of fuel and other important economical consider- 
atioDS. In all cases, whether the old forms or the improved forms be 
used, the cost of establishment is mach more expensive than for the 
reverberatories. Nevertheless, for argentiferous ores, or for ores poor in 
both silver and lead, but with silicious gangnes that cannot be sepa- 
rated by mechanical means, the blast furnaces or cupola processes are 
of great value, and necessarily of wide application. An extended 
fange of modiScatious, the results of local experience with regard to 
the character of the ores and the available fuel, are to be observed in 
these methods, but they may be generally referred to two types of 
treatment : 

A. — Direct fusion of the raw ore with iron as a desnlphorant. 
'(Hiedersohlaffsarbeit.') 

£. — Treatment of previously roasted ore with or without the ad- 
dition of metallic iron. {Roeat'Eeductiona-Arheit) 

Method A ia adapted to rich lead ores containing little silver, and 
-only small amount of foreign sulphides, but associated with silicious 
gangnes. Foreign sulphides make the mattes richer in lead and 
silver, or increase loss by volatilization, or make the charge of diffi- 
cult fusion or finally impair the quality of the lead, this last not essen- 
tially peculiar to this method. Low grade ores require cheap iron 
OR— 3 
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aad relativelv high market rates for lead. Within certaia limits, the 
higher the temperature the more complete the decompoaition of the 
lead sulphide bj the iron, aod less lead salphide unites with the 
ferrous salphide in the matte. A certain quantity of slag-forming 
matters is necessary, as slag is repaired to prevent ozidation of lead 
in the farnace hearth, but the slag must be a fusible one to aroid in- 
creased ooDsomption of fnel and greater loss by volatilization ; at 
the same time it must not form at a temperature lover than that re* 
quired for the desalphnrization of the galenite and for the formation 
of mattes with the practicable minimum of lead. 

Allowing cast iron to contain five per cent, of impurities, it will 
be found that one part of such iron will extract 3.64 parts of lead if 
ferrous sulphide (Fe 8) is formed. Usually di -ferrous sulphide (FeS) is 
produced. Less iron is necessary when the ores contain chalcopyrite 
and blende, and is also desirable to avoid decomposition of these 
sulphides. An increased amount of the iron is required when the ores 
are sensibly arsenical. Increased amount is prejudical towards the 
silver sulphide, throwing it into the matte.* 

Method B. Ores containing so much foreign sulphides as to be 
unfitted for method A, orsorichinsiliciousgaDguesas to be unadapted 
to the reverberatory reaction-; or argentiferous ores which cannot be 
concentrated mechanically without loss of silver, are saitable for 
treatment by this method. In seme of its many modifications it is 
suited to a sreat minority of cases, especially in the treatment of the 
lead and silver bearing ores of Utah, Nevada and Colorado. The pre- 
liminary roasting does away largely with the use of iron, and is per- 
formed generally in reverberatories and is finished by raising the 
temperature sufficiently to agglomerate the roasted mass or better to 
fuse it. Basic ores containing much lime, etc., are better scorified 
by the addition of silica. Neutral ores, or those which contain in 
themselves tho slag-forming constituents in the proper proportions, 
require no fluxes in the cupola, but acid ores or those containing 
quartz or siiicious matter are fluxed by ferric oxide or by lime. Fre- 
quently a small amount of scrap iron or of forge scale is added to de- 
sulphurize any galena which may have escaped oxidation during 
the roasting. Production of matte is avoided as much as possible, un- 
less the ores are notably copper-bearing and the saving of that metal 
is an object. The chiel products, besides fume, are slag and lead. 

* For llluetradoos of this procesa consult Kerl loe. ciL, pages IS5 tt. $eg, or 
Crookes and Rahrigs.traDslation, pages 98 et.««?; also Rivot MetallurgUdu Ptomb et 
tie VArgmt, page 4E0. Further particulars woald eaoumber this report uoneceBBarily. 
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The slagB aie compoands of silica (from tbe ores or from addition 
of acid flaxes) with lime, ferrous oxide and a small amoant of lead 
oxide — the lime or iroa oxide being added when necessary (in the 
case of acid ores) to take the place of the lead oxide in the slag, and 
prevent loss of lead. The most desirable slag is that which is either 
a singulo silicate (the oxygen of the bases : oxygen of the acid=l:l), 
or mixtores of a singnlo silicate with a biailicate (in which, oxygen of 
base: oxygen of acid=l:2). The singulo silicates are liable to enclose 
particles of metallic lead and thereby cause loss of metal; the bisili- 
cates are not open to this objection, but require higher temperature 
for their formation, and are therefore more expensire in fuel, and 
cause greater loss by volatilization and greater redaction of foreign 
oxides. The bisilicates do not act eo strongly on the furnace lining. 

As noted above, the formation of matte is avoided and this consti- 
tutes one of the advantages of the preliminary roasting. When, how- 
ever, it is necessarily produced, as in the case of silver and copper 
bearing ores, it is returned to the furnace or is treated by more elabo* 
rate processes for the separation of the valuable metals. In Utah 
and Nevada it is usually disregarded. 

The proper fuel is charcoal or coke, or a mixture. The latter 
gives the best yield of metal; charcoal gives a lower heat, but one 
more uniformly distributed over a larger space than that of cbke, 
which furnishes bigherheat in a small space near the tuyeres. Besides 
providing under the influence of the blast the temperature necessary 
for the chemical changes and slag fusion, the carbon of th e fuel is a 
deoxidizing agent for the lead compounds in the roasted ore. The 
carbon also reduces iron oxide, and the metallic iron thus formed is a 
desulpburant for lead sulphide that may be present. Excessive reduc- 
tion of iron is to be avoided, for iron deposits are then formed in the 
hearth of tbe furnace, (aows, hears, etc.) Low cupola furnaces are 
best in thts respect ; high furnaces are more economical of fael and 
avoid BO great a loss of lead in fume. 

The lead and slag (andmatte when formed), are drawn ofl* at inter- 
vals at the breast of the farnace by the ordinary process of tapping, 
or by means of the mechanical device of the syphon tap. 

This form of treatment not being required for the Missouri ores, 
excepting in one instance, and oflering no advantages over the rever- 
beratory method so far as this State is concerned, it has not been con- 
sidered necessary in this connection to dwell at any length on the 
cupola methods, nor, in fact, to give anything more than such an out- 
line as is necessary to an intelligent comprehension of the subject of 
the metallnrgy of lead. Those interested in it will find ample illns- 
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trations in the works of Kerl and Bivot, before quoted, and, for the 
more improved fornaceg, in the reports of United States Oonimiasioner 
Raymond, (especially for 1872, page 379; an excellent resume of the 
subject adapted to the non-profeeBional reader, and inBtnictive to the 
profesBiooal metallnrglBt), in tranaaction American Inetitate of Min- 
ing Engineers, and in Ohnrch'e Ifotes of A Metallurgieal Journey in 
Europe. 

lE-HEABTH METHOD. 

Hearth treatment is in fact an air re-action method, in kind like 
that described for the roverberatory, but with the difference that the 
oxidation and reduction go on simaltaneously under the influence of 
a blast of air. Lead sulphate and lead oxide are produced by the air 
thrown in through the tuyeres, and act, at once, on the lead sulphide. 

The Scotch-hearth has been replaced in this country by a modi* 
fied apparatus generally known as the American-hearth. The latest, 
QBcd in Missouri, is the American water-back hearth of somewhat 
larger size and with three tuyeres instead of one in the older form- 
The upper part is formed on three sides by a double-walled box of 
cast iron, technically known as the ;uy«r«-^2afe, through which passes 
three tuyereB. A circulation of water is maintained through this iron 
box, and serves the double purpose of protecting the tuyeres and the 
castings. Back of the tuyere-plate is the wind hox which receives the 
blast from the blowing apparatus. The hearth bottom or box is alBO 
of cast iron set in masonry which carries the upper iron parts of the 
hearth. The hearth-box contains the molten lead or lead bath upon 
which the charge floats and upon which the operations of smelt- 
ing are performed. The work stone or table, also of cast iron, slopes 
downwards and forwards from the front top of the hearth-box toward 
the iron pot into which the lead from the reduced ore paBBOB and 
accumulates. This pot is built over a small fire place, the fire in 
which keeps the lead in a fluid condition for ladling into the moulds. 
The apparatus is surmounted with a hood for carrying off the fumes 
and the products of combuBtion. 

The walls of the tuyere-plate are commonly about one and a half 
inches thickness. The nozzles of the tuyeres through which the blast 
reaches the charges, are from one to one and a half inches in diame- 
ter. The tuyeres enter through the back wall of the hearth at a height 
of from one three inches above the surface of the lead-bath contained 
in the boz and constituting as before stated, the sole upon which the 
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charges are worked.* They are about sis inches apart from each 
other, and the two outer ones of the system are abont the same dis- 
tance from their respective sides, so that the back of the tnyere-plate 
is usually about 23 inches. Its height is 16 inches. The sides are 1 
foot 10} inches from back to front, for the inside walls, and 2 feet 5} 
inches for the ostside walla. From inner to outer wall, oatside meas- 
orement, 7^ inches; space between walls, 4^ inches. 

The hearth is operated by first kindling a wood fiie upon the snr- 
face of the lead in the hearth box ; on this fine charcoal is thrown, 
well ignited and the blast tnrned on. Some residues or so-called 
slags, from the previous smelting are thrown on this fire, and, as soon 
as the lead in the bath is properly melted, the galena ore, crashed to 
the size of a pea, is thrown on in charges of about twenty pounds at a 
iime. A little caustic lime is added as a flux, the mass covered with 
fresh charcoa) and the whole allowed to remain andistnrbed for aboat 
five minutes. At the end of this time, thorough contact of charcoal 
and ore is brought abont by continual stirring accompanied by br0ak> 
ing ao that the blast may have passage and full oxidizing effect. 
These manipnlations are continued for some fifteen minutes when a 
new charge of twenty pounds of ore is added. Lead soon begins to 
flow over the inclined work-table into the kettle whence it is ladled 
or run by syphon into the moulds. 

A shift of eight hours will treat about 3000 pounds high grade ore, 
yielding by the work, abont 68 per cent, of metallic lead, and requires 
two workmen. At the end of this time the metallic bath is cleared of 
residue for the next shift ; the so-called slags are sorted and that which 
is rich enough is croshed and washed for separate treatment in the 
same hearth, yielding about 30 per cent. lead. The poor residues and 
the residue from the treatment of the rich slag are either disregarded, 
or in a few cases, passed to further treatment in the slag furnace. 
About thirteen bushels charcoal ore used per shaft or for the treat- 
ment of 3000 pounds of ore. Both ore and charcoal are delivered by 
laborers to the smelters, and as the laborers can readily serve sev- 
eral hearths, a reduction of cost of working is always efiected by 
having a number of hearths side by side. 

Under the conditions surrounding these operations, there is 

* "It may be asked why should the conteata ol the ore hearth be hept fioatingOD 
the melted lead? The anewer ie that if the bottom were formed of brick or other solid 
refractory material, inconveatence might be caused by accretion of Blaggy matter, 
whereby the level would be changed and the working of the flirnace deranged. A 
bottom of iron would be rapidly acted upon. Let the reader try to suggest a substi- 
tute for tbe dmple and usual hearth-box filled with molten lead, and be will probably 
be puzzled." Percy, Metallurgy of Lead, t89. 
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DeceBBacily a considerable loss of lead by volatilizatioa. The scoria- 
ceoas character of the reaidae make it also rich ia nachaaged ore and 
shot lead. The hearths require, therefore, bieh grade ores, and have 
the further^ disadvantage of being a costly form of apparatos. On 
the other hand, they will treat a mach greater amoant of galena in a 
given time than will the usual roTerberatories in the same time. With 
a single American-Scotch hearth the cost of prodnction of 1000 pounds 
of lead is about $5, and for the production of the same amount from 
a reverberatory under equal conditions, the expense is $1.90 inde- 
pendently in each case of the cost of the plant. By increase of 
nomber of hearths, the expenses of operating are decreased much 
more rapidly than by an increase in the number of reverberatories. 
There are few details from which calculation can be made of the 
amount of loss by volatilization In the hearth methods in this conn- 
try. In 1849 an experimental ore hearth, similar in principle to that 
formerly worked at the Bossie (New York) Lead Mines, and in which 
wood was need for fuel, was erected at Bleiberg, in Carintbia, and 
daring that year and the years 1850 and 1851, the following results in 
regard to the loss, other than that caused by the slag, were obtained :* 

Average per cent Per centage loss 

lead In ore. of lead, excludve 
Year. of slaj;. 

1849 71.62 10.42 

1860 71.70 9.74 

1861 70.27 11.38 

The slag from the hearth cannot be homogeneous ; analyses will 
be found in the part of this report given to the illustratfons of the 
Missouri hearth furnaces. The following is Plattner's analysis of the 
slag produced in the above experiments at Bleiberg : 

811 ica - 5.260 per cent. 

Salplmrlo add - 6.038 per cent. . 

Lead oxide 37.710 percent. 

Ferric oxide -19.500 percent. 

Zioc oxide -19.200 per cent. 

Molybdicacid - 0.480 percept. 

Lime 8.856 percent. 

Uagnesiaand man ganoua oxide 1.417 percent. 

Alumina with traces potash, soda and copper oxide „ 1.760 per cent. 

89.201 

At Frzibram, Bohemia, the American hearth was tried with ore 
yielding, by assay, 71.88 per cent, lead ; the yield, by the treatment, 
*Peroy, Motallurjiy of Lead, page 292. 



., Google 



LEAD FCBIIACBS AND PRODUCTS. S9 

was 60.88 per ceot., Dot inclnding the lead sabseqnently extracted 
from the slag : the slag amounted to 45.94 per cent, of the ore put in 
treatment. The reported produce of the residue is enormons when 
compared with the experiences in this country. 

PURIFICATION OF LEAD. 

The parity of tho resulting lead, whatever the process employed 
in its production, depends, as before mentioned, largely on the parity 
-of the ore smelted. In cases where argentiferous ores have been run 
through any of the methods the toork lead produced is refined when 
necessary, and the silver, if small in amonnt bat still great enongh 
to be extracted, concentrated (Pattisonized) and finally separated 
from the lead by onpellation, or by treatment with zinc and subse- 
•qaent separation of the zinc and silver and purification of the desil- 
verized lead. Even when not safiiciently rich in silver to warrant 
attempt at separation of the two metals, the lead in most cases le- 
quires redmnff, improvir^ or softening. The object of these prac- 
iices is to remove or to lessen the amonnt of the ioreign metals, cop- 
per, zinc, iron, antimony, arsenic, nickel and bismuth, which render 
the lead hard and sonorous and anfit for many of its indostrial 
applications. 

Arsenic, antimony, bismuth and copper are the most objectiona- 
ble, the first two being prejudicial in almost all uses (excepting for 
special alloys as shot metal and type metal}, but are more so towards 
the use of lead for mechanical purposes than for white lead mann- 
faoture ; the reverse is trae in general for copper, for it is not so ob- 
jectionable in lead intended for mechanical purposes as for corrosion 
into white lead. Zinc rarely exists in serious amounts ; one and a half 
being the highest per centage of this metal possible in lead* ; iron in 
notable quantities, passes into the lead only when the latter has 
remained in a melted condition in contact with iron. 

The methods of softening in common use are: 

a — By process of atmospheric oxidation, the lead being melted 
and oxidized on the surface, the oxidation of a part of the lead induc- 
ing a more rapid and more thorough oxidation of most of the foreign 
metals, especially of antimony. The dross which is formed is re- 
moved, a fresh surface oxidized and these operations repeated until 
the lead has reached the required degree of softness. The time re- 
■qnired, and consequently the proportion of lead oxidized depends on 
the quality of lead, on the temperature and on the amount of surface 
of melted lead exposed to the air. The operation may be carried on 
'Accorijiiig: to HaUiieasen and tod Bosse. 
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either in a commoa reverberatory, or in one in wtiich the ordinary- 
sole has beea replaced by an iron pan, or in one into which an artifi* 
cial blast or current of air is driven. [At Pontgiband, where a caet 
iron bottom was used, the charge was about 20 tons hard lead, the 
time required was three days (including charging and discharging the- ' 
furnace), and the amount of soft lead produced was 94.7 per cent, of 
the original lead.*] According to Bichardsonf the results of treat- 
ment of "many hundreds of tons of hard lead," gave the annexed 
results : 

Ckiod Sp&Dlsh hard lead.. .93.3 per cent, aofi lead. 

Hard lead from crygtalized dro8S« ~ 90.3 per cent, soft lead. 

EngliBb elag lead 87.1 per cent, soft lead. 

SUg lead from Spanish drosB 66.9 per cent soft lead. 

Slag lead from refdse prodncta _G7.3 percent soft lead. 

Cbinesetea lead [contalniDg tin) -TM per cent soft lead. 

b — By a process of oxidation brought about by the addition of 
oxidizing agents. [Baker's method, with acid sodio sulphate and sodic 
or potassic nitrate ; nitre, soda ash and lime in method of Pontifex & 
GlasBford. In this latter the mixtures recommended are, 3 parts 
sodic nitrate, 4 parts soda ash, and 4 parts of burned lime for lead 
containing from 5 to 15 per cent, antimony; and equal parts of each 
reagent in cases of lead with less than 5 per cent, antimony. The 
furnace employed is the ordinary calcining pan-furnace, and about 
65 lbs. of the mixture are required for 9 or 10 tons of the lead for a. 
t-^enty-four hour's operation.] 

c — By skimming with boards (England), or with iron scrapers 
(Germany), the dross which forms on melted lead. [Applicable to 
the purer leads, containing little copper.] 

S — PoUtis 01^ stirring the melted lead with a stick of green wood. 
[Applicable to rather pure leads, removing largely the antimony and 
copper at a great saving in labor, time, fuel and lead over the rever- 
beratory methods of working.] This method is of very general ap- 
plication tbrougbout Missouri, the leads being produoed from pure 
ores by either the reverberatory or hearth furnaces. It is also used 
on slag leads which are not so pure as leads produced directly from; 
the ores. (See results of analyses of Missouri leads tabulated in 
chapter III.) 

The dross which is incidental to these or other processes of soft- 
ening may be treated by various methods (preferably in cupola fur- 
naces), producing an impure or hard lead, which is either sold as such 

*Fbmipg Mining and Metallurgy of Gold and Silver, pp. 432, et teq. 

t WaU'i Dtet. of ChemUlry—Ati Lead by Eichardson, Vol. Ill, p, 618. 



., Google 



LEAD FUBNACES AND PRODUCTS. 41 

or parified, and slag. At the furnaces id this State the dtosa is either- 
disregarded or passed to treatment with residnee, or, withoat consid- 
eration of the effect on the lead, occasionally returoed and treated 
with original ore. 

The treatment of slags or residues more properly belongs to a 
class of blast or shaft fnrnace methods— the common form of appa- 
ratus being a low shaft with a simgle tayere being of the type 
known as Krumofen. The method as modified at the Missoari far- 
□aces-is described at some length in the chapter devoted to the illns- 
tratioDS famished by the fnrnaces of this State. In general terms it 
consists of the redaction of the lead compounds through the action 
of carbon either as coke or charcoal, saving as much lead as is prac- 
ticable^ but the greater part remaining in combination with the silica 
as s true slag. The substitution of a cheap base (lime or iron oxide)' 
for the lead oxide in the slags and the recovery of the greater part 
of the lead is not attempted as in the shaft furnace methods proper. 

There are economical considerations in favor of this wastage of 
lead under the conditions which attend lead smelting in this State, 
and the pecuniary loss by it is, perhaps, more apparent than real. 

In consequence of the fact that the residaes contain a consider- 
able concentration of some of the foreign metals of the ore, and as a 
further consequent of the inherent features of shaft farnace methods, 
slag leads are always harder than these produced from the ore di- 
rectly either by the reverberatory or the hearth treatment. They are 
softened or refined) to some degree, by partial oxidation in the rever- 
beratories, according to the plan above given. They do not give- 
results as satisfactory when used for chemical purposes, such as for 
corrosion into white lead, but for many mechanical purposes they 
serve equally well, 
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CHAPTER II. 

ILLUSTRATIONS OF LEAD SMELTING IN MISSOURI. 

The illnstratioDB of the lead emelting operations -which we have 
been able to collect comprehend data from most of the establish- 
mentB in the State, They inclade in general, details of the form and 
-size of the furnaces; weight of charge and time of elaboration; con- 
samption of fuel and necessary amonnt of labor. The pecuniary out- 
lay, whether necessary for the establishment of the works or for the 
-cost of treatment, has not been entered upon; norwoaldsucha coarse 
have been desirable or of any benefit when comparison will have to 
be made of the results reached by the different furnaces. In fact 
such a course would tend rather to confuse and to give ertooeoue 
ideas, since it could not rea<!b entire accuracy. 

The result obtained by the several furnaces have been illustrated 
by a full line of chemical work, inclading analyses of the varions 
prodacts. The ores have not been assayed to determine their value 
in lead, because average samples could not be obtained, and results of 
specimens would have been more than nseless. 'No estimations, by 
chemical processes, of the value of the ore put iu treatment, are made 
at the furnaces. 

The reverberatory treatment will be first considered and subse- 
gnently that of the ore-hearths. The section on slag treatment in- 
cludes nearly all the establishments at which it is practiced. It will 
be found of interest, in view of the great mystery with which it has 
been surrounded by the lead smelters of the State. 

REVEEBBRATOBT METHOD IN MI3S0IIBI. 

SooTHWBSTBRS Lbad Disteiot— (1). The Granby Mining and 
Smelting Companies chief establishment is situated at Granby, New- 
ton county, at a distance of one and three-fourths miles from Granby 
Station, Atlantic and Pacific Railroad. A switch -road connects the 
station and furnaces. 

The ores are furnished by the Granby mines in the vicinity of the 
furnaces, as well as by various diggings at Joplin and Oronogo, in Jas- 
per county, and are usually bought from individuals working, on leases, 
the lands of company. Preparations are, however, being made to 
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smelt at Joplin and at Oronogo the ores from tbe company's estate io 
the vicinity of these places, a plan which in its realization mast be of 
great benefit on the score of economy. 

The preliminary operations of crashing are done by a Blake's 
breaker and a pair of smooth faced rolls. The concentrating 
machinery for snob ores as reqaire it, consists of an eccentric jig, a Oaz- 
in's patent one plnnger and a sliding lever jig. 

The furnaces inclade, besides six hearths, and two furnaces for 
slag treatment, foar reverberatories of which two'are of the ordinary 
pattern in ase thronghont the State (the common air furnace), the 
remaining two being larger and modelled on the plan of the Eaglish 
or Flintshire lead fnrnaces. The latter have been in operation 
within the last two years, and are of the first of the pattern started id 
the State, as far as can be ascertained. 

(a) Flintshire Practice: The hearths are XO feet long by 8^ feet 
width ; the soles being formed from slag from the furnaces well 
agglomerated by strong heating, and shaped into the ordinary sump 
near the middle door on the front or working side of the fnrnace. 
The bridge is one foot in height above the sole at that point. The 
fire-box is five feet long by three feet wide. The charging is done 
through the common hopper arrangementin the arch at a point oppo- 
site the work door nearest the fire bridge ; the charge is manipulated 
through the six work doors, three on each side. The tap hole opens 
from the snmp, though the wall of the furnace below the middle door 
on the front side and connects with the exterior iron kettle from which 
the lead is ladled into moalds. 

The furnaces run on a great variety of ores, of which no valuation 
is made by preliminary assays. The weights of the charges are, 
therefore, very variable, for "number one block" mineral it is 
generally about 1500 pounds worked off in twelve hours; for "number 
one wash mineral," the same amonnt elaborated in about fourteen 
hours j for carbonate or "dry bone" mineral, one thonsand pounds in 
six hours, and for "chats," (i. e., galenite on chert or dolomite, which 
is calcined at a low heat to make the rock more easily broken by 
hand, preparatory to hand sorting or rough washing), 1000 pounds 
worked in ten hours. 

The charge is spread over the sole and the roasting done at a low 
temperature, the time rarely exceeding two hours, or till the charge 
begins to agglomerate. When the roasting is deemed finished the 
fire is urged and the lead runs into the sump, the tap hole being 
closed with a plug of lime. When the charge has been No. 1 block 
mineral, the tapping is done at the end of ten and a half hours after 
charging. Before tapping, the matters on the hearth are thickened 

- - ,;lc 



i* LEAD FURNACES AND PRODUCTS. 

by the addition of wood aebeB and charcoal and filled up aronnd the 
Bides of the sole, to allow the lead to drain into the sump. After well 
draining the ping of the tap hole is withdrawn and the lead mns into 
the kettle, where it ia polled and then ladled into the monlds. 

After tapping the fire is nrged so that more lead may be drained 
from the residues. This metal in tapped from the snmp as before ; the 
residue or gray slag is drawn, the sole of the furnace is repaired, if 
necesaary, and a fresh charge is introdnced. 

Two hands are required at a furnace, working shifts of twelve 
bonra in the winter season or eight hours during the summer. Each 
furnace consumes six cords of wood during twenty-four hours, or . 
forty-two cords per week, representing the treatment of 35,000 pounds 
of average mineral, with a furnace yield of about sixty-ai? per cent, 
or 23,000 ponnds polled lead. The amount of wood required is there- 
fore 2,4 corde per ton of 2000 pounds of mineral ; the labor for the 
aame amount of ore is two days (with average postes). 

The so-caljed slags or residues are passed to the slag-furnace for 
further treatment, but, as they do not receive there a separate opera- 
tion, but are run in mixture with the residues from the other rever- 
beratories and]the hearths, it is impossible to learn anything respecting^ 
their yield of metallic lead, nor of their quantity produced from a 
given weight of charge. They are not homogeneous, so that chemi- 
cal analyses will show & varying per centage of lead. A specimen 
representing the residue from a run of block mineral in the furnace, 
gave by mechanical separation, 1.02 per cent, of mechanically enclosed 
or " shot" lead, and after the removal of this the residue showed the 
following result on chemical analysis — the lead sulphate being deter- 
mined in this as well as in all other analyses of slags, by solution in 
sodium hypoanlphite : 

Silica 12.667 per cent 

Lime 0,642 per c«it, 

MagoetisL „ ^ ~ tnoe 

Ferrio oxide. - -.- a 230 per cent. 

Alnmina ».. ~ 0.643 per oeuL 

Antlmonj oxide ......; ~ 0.170 per cent. 

Zinc oxide 3.264 per cent. 

Lead Bulphal« _ 2.609 per cent 

Leadanlphide - 32,084 percent. 

Lead oxide, by difibrence 66.939 percent 

100.000 
A direct determination of the metallic lead, by humid analysis, 
gave, including the mechanically enclosed metal, 73.703 per cent. A 
comparison of this result with that of Percy's analysis of the gray slag 
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from the fnrnace near Holywell, Flintshire, cited in the preceding 
chapter, (page SO), and the large amoant of anchaoged onlpbide (22 
per cent) vonld seem to warrant the conclusion that the roasting 
period has been too short, with too high a temperatare. The charge 
bas evidently agglomerated before the maximum possible of lead has 
been worked from it, and a setting up stage might have eapplemeated 
the routine work with advantage in the yield of lead. 

The composition of the pig lead from the same charge — the 
Bample representing ten pigs — is given below. In this connection, it 
may be stated that the scheme of analysis followed for this and the 
succeeding estimations of the qualities of the Missonri leads is Bob- 
fltantially that of Fresenins * for soft leads, with the exception that the 
«ilv6r was commonly estimated by cnpellation instead of by the 
method of precipitation as chloride : 

GBANBY (PLIHTSHmB) LBAD. 

Arsenic - ~ U.0I640 percent. 

AnUmoti; O.00OT7 per oeat. 

Silver - 0.00029 per cent 

■Copper. - 0.01210 percent. 

Iron ;. „ 0.01711 per cent 

Zinc 0.00066 per cent. 

Nickel _....A & trace 

Lead, by difference - oe.9S267 per cent. 

100.00000 
(b) Treatment in ike ordinary Air Furnace : Two of this form 
are in use at the Gr^nby works. Each receives an average charge of 
1,500 lbs, of No. 1 ore, worked off in twelve hoars, equivalent to 42,000 
ponnds of mineral per week as the aggregate work of these furnaces. 
Dnring the week there are consnmed twenty-one cords of wood. The 
yield of similar ore is abont the same in both forms of reverberatory. 
The wear aud tear of the common form is claimed to be somewhat 
■greater than that of the Flintshire, and hence the campaign is shorter. 
-On the other hand the cost of the fnrnace is mnch less than that of 
the new form — being nsaally about five hundred dollars per furnace, 
inclnding sheds — so that the cost of treatment is not so much swelled 
by the item of interest on investment. 

The following are the dimensions of the common reverberatory 
at Granby. The form described is usual throughout the lead regions 
of the State, the difference being in size and in the relative dimen- 
«ioQS of the parts ; 

Length of hearth feet. 

Width of hearth at fire bridaw - 8 " 2 Indies. 

* Jahresbericht fUr Chemle, 1870. 
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Length of fire bridge 2 "6 Inohea. 

Thicknesa of fire bridge at top - " 8 iuclies. 

Thickness of fire bridge at base 2 "6 Inches. 

Width of fire box 2 " 6 Inctaee. 

Length of fire box 5 "6 Inches. 

locllaatioQ of sole, _ 9)° 

Height of arch above sole at fire bridge 1 "2 Inches. 

Height of arch at side opposite fire bridge ~ 1 " 

The fire box is an L attachmeut to the fbrnace, and enters the 
hearth at a distance of thirteen inches from the front or pot end of the 
furnace. The fine is S x 12 inches in section. The charging or work- 
ins door is at the upper or flue end of the hearth, and the discharging 
and cleaning door is at the lower end. The sole is a cast-iron plate 
with six inches depth of slag or residue melted upon it. The corners 
at the pot end are rounded, for facility in reaching the charge and 
cleaning the fsrnace. 

The charge, crushed to size of a pea, is thrown in through the 
door at the upper end and pushed down evenl; over the hearth. A 
low fiie is kept up and the charge roasted during one or one and a 
half hours, varying according to the amonnt of carbonate and the 
richness of the miueral. During the roasting the charge is constantly 
stirred, so that all parts may be worked, in turn, down the sole towards 
the fire bridge or hottest part of the hearth. 

At the end of the roasting period, the heat is increased ; the reac- 
tions, already described, are set np and the lead Sows down the hearth, 
through the discharge door into the kettle at the front end of the fur- 
nace. Should the materials begin to enter into fusion, they are thick- 
ened or stiffened by the addition of wood ashes. After the lapse of 
from nine to twelve hours, the lead ceases to flow; the residue is 
drawn and the somewhat cooled furnace is ready for another charge. 
It will be noticed that the process differs from that described for 
the Flintshire furnaces at the same establishment, in that the lead 
flows at once into the kettle, and that no second firing is given. In 
many respects the method is allied to that practiced at Bleiberg, but 
it differs from this last in the size of the furnace and in the details of 
the operation. 

The residues are not homogeneous, so there are difficulties in 
arriving at even an approximation to a knowledge of their average 
composition. A sample yielded 3.52 per cent, of metallic lead me- 
chanically held in the slag, and after removing this, had the annexed 
oomposition : 

SiiiOB. 21.396 percent. 

Ume „ _ 4.6^ percent. 

Ma^^Desia. _. 8.918 percent 
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Ferric oxide. _ 8.660 per oent. 

Alumina - 0.152 per cent. 

Zlne oxide 7.H6 per cent. 

Lead enlpbate 2.349 per cent 

Lead sulphide 20.929 percent 

Leadoside — 84.914 peroent. 



Total metallic lead 54.82 percent. 

The polled pig lead gave, by analysis of a sample representing 
sixteen pigs, the following reenlt : 

Areenlc «. 0.01123 percent. 

Antimony. ,„ 0.00077 percent. 

Silver O.0008O percent. 

Copper. _ 0.050111 per cent 

Iron 0.01582 percent 

Zinc „ 0.00090 percent 

Nickel 0.00281 percent. 

Lead, by difference >„ 99.91777 per cent 

100.0000 
In the year 1875, the Granby company received weekly from th& 
mines at Joplin abont 79,000 pounds of mineral, all smelted as before 
stated, in the famaces and hearths at Graoby. The weekly receipts, 
at the same time from the mines at Oronogo, were aboat 60,000 
ponnds. The three hearths at Oronogo, which had been idle for a 
long time, were to be put in operation by the close of the year 1875. 
The Webb diggings, three miles sonth from Oronogo, were yield- 
ing 50,000 pounds of mineral each week. 

(2.) Beverheratory Treatment at Joplin, Jatper county. — At 
the works of Messrs. Davis & Murphy, six reverberatories of the ordi- 
nary pattern are ran, treating weekly about one hundred and fifty 
thousand pounds of mineral. A charge of somewhat less than 
eighteen hundred pouods is therefore elaborated in each twelve hour 
shift in each furnace. .N'o information could be obtained respecting 
the consumption of fuel. The residues together with those from other 
reverberatories and hearths in the district are treated in a slag fur- 
nace similar to that used elsewhere in the State, and which is de- 
scribed when treating of slag smelting. 

The same firm has one other air furnace at Bently Diggings, five 
miles west of Joplin, and a second other, seven miles east from Jop- 
lin, at Scotland. The latter is run on ores from the Birch and the 
Grove Greek Diggings — the former, one and a half miles, and the lat- 
ter, one-fourth mile from the furnace site. Fifteen hundred pounds of 
ores, yielding one thousand ponnds of metal or 66§ per cent.,* are 

•Schmidt, Broadhead's Beporf, p. 600. 
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"worked off in a nine hoars shift, presamably with the ordiaary 
amoQTit of labor, bat with what amonnt of fael we are not able to 
state. 

The following are the receipts and produce of the ore for three 
years: 

Or»— pounds.' Lead— ponnda. 

1872 3,060,800 1,344,000 

1873 .6,061,000 4,074,000 

1374. 6,784.000 4,638,000 

giving an average yield of C6.7 per cent , on the sapposition that no 
slag lead is ineladed in the amonot of metal produced. 

At Zone Sim near Joplin, Messrs. Moffett & Sergeant, ran one 
air furnace of common size, treating fifteen hundred pounds of high 
.grade ore per eight hour shift. The furnace runs actively ; forty-five 
hundred pounds of mineral being run through in twenty-four hours 
with the consumption of two and a half cords of wood. Oalculated 
to the ton of ore put in ;treatment, the fuel required is 1.11 cord of 
wood, and the labor is 2.6 days of eight hour posts. 

The residue resembles those generally produced, and gives, on 
analysis, as follows: 

■SiUca..- - 18.667 percent. 

Lime ~ 8.789 percent. 



Ferric oxide 1 ~........ 2.147 per cent 

Alumina. - 2.350 percent. 

Antimony-. - trace. 

Zinc oxide. 11.660 percent. 

Lead snlphlde. - S.340 per cent 

Lead sulphate. _ 2.741 per cent 

Leodoxiae. .50.088 percent 



The sample, which was selected with all the care practicable, 
gave also 3.86 per cent, of metallic lead mechanically enclosed. The 
lead in combination amounts to 53.35 per cent., and the total lead is, 
therefore, 57.21 per cent. These slags are sold for treatment in the 
slag furnace of Messrs. Davis and Murphy, and their market rate is 
about $21 per ton, against $18 per ton paid to the same establish- 
ment for its hearth residues. 

The pig lead from the reverberatory is not kept distinct from the 
metal produced by the other mode of smelting, but all is refined by 
poling in an iron kettle. The kettle holds 12,000 pounds of lead ; the 
labor of two men is required in casting about 460 pigs of the polled 
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lead in twenty-fonr hours, and tbe loss in refining Is said not to exceed 
one per cent, of the raw lead introdnoed. I have no analysis of this 
lead more recent than that published in February, X875. The result 
of which is annexed : 

Arsenic- 01189 percent. 

AnUmony .08163 percent. 

Copper .'...._ .00409 percent. 

Lron. _ » 086QO per cent. 

Zlnc,._ 16910 percent. 

SUver- 00994 percent 

Sulphur. trace. 

Nickel _ 1 _ trace. 

Lead, b^ diOerence -99.69680 per'oenL 

100.00000 

The refined lead is chiefly sold, to Messrs. John T. Lewis & Bros, 
of Philadelphia, by whom it is used for white lead corrosion, and I 
am informed by the members of this well established firm that the 
corrosions are .very satiafactory, in respect to both quantity and to the 
quality of the resulting white lead. It is extremely probable that the 
amounts of zinc and of some of tbe other metals in the above result 
- are In excess of what is usnal iu this lead, at least more recent analy- 
ses are reported to show such to be tbe case. Tbe Lone Elm is being 
largely substituted for the Tarnowitz (Silesian) lead at the Philadel- 
phia ^tablisbment.*! 

The Lone Elm Company received in the year ending August 1, 
1S75, 6,500,000 pounds of mineral. 

The Joplin Mining and Smelting Company operates one rever- 
beratory treating fifteen hundred pounds of average ores in each 
twelve hours shift. Tbe residues are sold to Messrs. Davis & Murphy. 
Tbe receigts of mineral for the last three years were about 15,000,000 
pounds. 

Messrs. Piehar c& Brothers have three air-furnaces of the com- 
mon form, each treating twelve hundred pounds of high 'grade ores 
in one eight hour shift, with an average consamptiou of 0.9 cord of 
wood, equivalent to 1,5 cords per ton of two thousand pounds of min- 
eral. The firm receives about fifty tons mineral per week. 

(3.) The Dade County Mining and Smelting Company, with 
works at Corry, Dade county, began smelting in May, 1875, ruauing 
one reverberatory until December of that year, when a second and 
* Arrangements have been completed for the collection of fume from the Lone 
Elm Furnaces. The collected material is utilized for pigments, and the resnlta are 
reported to be very satisfactory. 
OR — 1 
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eimilai ooe vas completed and put in operation. Each furnace works, 
nsnally, twelve hundred pound charges in an eight hour shift, bat W. 
M. Taggart, the president of the company, writes ub that twenty-four 
charges have been run through one furnace in six days. According 
to the Bame gentleman, the consamption of fnel is 0.4 cord of wood 
per charge, or 0.66 cord per ton. The residues have been analyzed 
and show the copipoBitiou given below : 

silica- ;...28.678 

Lime. 12,785 

Kagneala. » ^ 4.321 

Ferric ozlde» 9.134 



Alnmioft. M...' 8.366 

Zinc oxide 1.685 

Lead sulphide.. ; .16.669 

Lead sulphate - 3.501 

Lead oxide, by difference .27.068 

1OO.0OO 

The sample analyzed contained no traces of arsenic, antimony or 
copper, and gave no mechanically enclosed or shot lead. The lead 
compounds named contain metal eqnal to 40.494 per cent, of the slag. 

From the date of inaugurating the enterprise up to January 9, 
1876, the company had shipped 297,797 ponnds or 3,690 pigs of lead. 
A Bpecimen of the metal forwarded us by the president, showed the 
following composition : 

Arsenic^ Trace 

Antimonf- Trace 

SUver- .00177 

Copper 00*48 

Zinc. -. Hone 

lacbeL. None 

Iron- .00128 

Lead, by difference : 89.99247 

100.00000 

(4) The other reverberatories treating ores from the southwest- 
ern region are: 3, belonging to S. B. Corn, near Joplin ; one at Baxter 
SpringB, Kansas, belonging to Messrs. Sarver & Go. ; one at Brookline, 
Greene connty, and one belonging to the Oonoley Mining and Smelt- 
ing Company in Christian county. 

B— EBVERBEBATOBIBS OF THE CENTRAL EBGIOM. 

(1) The Pioneer, located at Pratt's Mill, (section 26, township 4S, 
range 14, west), Oole county, nses ores from the Dawson & Eaton, and 
the Bacon, Metier & Co. diggings, near Decatur, Cole county, and 
tcom the Long's diggings, Miller county. 
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The reverberatory, which was bailt in 1871, is of the ordinary 
form, with the hearth 7^ feet by 4 feet. The fire-box is 5 feet long 
and 22 inches wide. The fire brick lininK is of bricks from the Ohel- 
tenhaiD works, near St. LodIs. The furnace rane asuall; about four 
months in the year. 

A charge of 1,800 pounds high grade mineral is elaborated in a 
twelve hour tarn, by the work of one smelter and one helper, and 
with the consumption of three-quarters of a cord of wood, or at the 
late of 0.83 cord per two thousand pounds. The residues contain : 

Silica (with traces baric sulphate) _ 24.283 per cent. 

Lime. 7,460 percent. 

UagrneiU. 1.648 percent. 

Ferric oxide 4.920 per cent. 

Alumina » 1.437 per cent. 

Antimony oxide 0.351 per cent. 

ArseiUc trace. 

Zinc oxide. 1.454 per cent. 

Lead snlpliate— , 2.452 per cent. 

Lead solpbide ~ - 3S.780 per cent. 

Lead oxide, bj difference- .'. ».— 20.414 per cenL 

100.000 
Total metallic lead 61.081 per cenL 

Most of the lead-oxide is in combination with the silica ; this and 
tbe large amonnt of unchanged sulphide shown by the analysis would 
seem to indicate, that the time of roasting has been too hurried. Aa 
far as yield of metal is concerned, a setting up and second firing 
would have been advantageous. 

The lead is of excellent quality. The result of its analysis is as 
follows : 

Arsenic trace. 

Antimony - 0.00347 

Silver '. 0.00106 

Copper. 0.00948 

Iron 0.00496 

Zinc - 0.00517 

Nickel 0.00125 

Lead, by difference 99.87464 

100.00000 
The brand of tbe metal is "one." 

(2) The Eaffle Furnace (Sec. 23, T. 43, R. 14, W.,) near Pratt'e 
Mill, Co]e county, works ore from the Eureka and Scott diggings, on 
the same section. The hearth is 9 feet 8 inches by 3 feet 8 inches 
{greatest width) ; the fire chamber 5 feet by 2 feet Tbe mineral is 

- - .;IC 
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QBoally mixed vitb some carbonate ore; X,500 pounds are charged at a 
time and worked off in twelve hoars, with about the same relative 
consumption of fuel given for the Pioneer famace. The residues are 
not treated further ; they contain : 

SUlco. ~ _ 7.132 per cent. 

Lime— 2.039 percent. 

M&fneala 3^(6 per cent. 

Feme oxide — _ 1.062 per cent. 

Almalna. - .699 per cent. 

Andmony oxide : trace. 

Zinc oxide _ .945 per cent 

Lead sulphide 18.686 per cent. 



Total lead In residue 78,41 per cent 

The pig lead gave the following result on analysis : 

Arsenic _ O.O0318 per cent. 

Antimony _ _ trace. 

Silver „ „ „ 0.00029 per cent. 

Copper. , 000820 percent. 

Iron, _ 0,00461 percent. 

Nickel. _ trace. 

Zinc _ 0,00067 per cent. 

Lead, ly difference. - 99.98320 per cent. 

100.00000 

(3) The Gum Spring furnace is located in S. E. i of Sec. 8, T. 42^ 
R. 17, W., Morgan county, and is operated by the Jackson company. 
The ore worked is obtained exclusively from the company's diggings, 
and is entirely galenite mineral. Two charges, each of 1,500 pounds, 
are worked off in 24 hours with the consumption of li cords of wood, 
or 0.83 cord for a ton of mineral. 

(4) Buffalo furnace, Sec. 1, T. 41, R. 19, W„ Morgan county, 
operated by Hon. G. Stover of Versailles, Morgan county ; runs on 
ore from diggings belonging to the furnace owner, situated on the 
same section. A charge is 1,500 pounds, two to three charges being^ 
worked off in 24 hours. The furnace was built in Jannary, 1874. No 
dimensions or farther particulars were obtained regarding this, or the 
preceding establishment. 

The residues contain as onder: 

Silica. > 6.859 per cent. 

Ume 5.025 per cent. 
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Majniesift -S^ P^r cent 

¥^SSS.m} - i«™p""nt. 

AntimODj oxide - .076 per cent. 

Arsenic oxide _ trace. 

Zinc oxide - 1.199 per cent. 

Lead sutpblde - 11.796 per cent. 

Lead sulphate - 2.703 per cent 

Lead oxide, by diBbrence > - 69.513 per cent. 

100.000 per cent. 

O^otal metallic lead 76.638 

The brand of pig lead produced at the Buffalo ie among the very 
tieet exammed. It shows the composition given below : 

Arsenic - trace. 

Antimony. ~ 0.00281 per cent, 

Silver. 0.00114 percent. 

Copper.. ; » 0.01021 per cent. 

Iron 0.00666 per cent. 

Zinc - ~ 0.00136 per cent 

Nickel 0.00115 per cent 

Lead, by difference 90.97771 per cent 

100.00000 per cent. 

The pigs weigh 83 ponnds each, and are branded with the figure 
of abaffalo. 

(5). The Star fnrnace, S. 21, T. 43, R. 38 W., Morgan connty, is 
owned by J. P. Olark, of Versailles, and uses chiefly ore from the 
Ooffia Spring Creek, belonging to the fnrnace owner. The fire box is 
7 feet by 2 feet ; the hearth is 9^ feet by a greatest width of 3 feet. 
The fire brick are made by the Oak Hill Company, and last usually 
about four months. Three charges of 1,500 lbs. each, are treated every 
24 hours, by the labor of two smelters and one helper. The residues 
yield by analysis : 

Silica- , 14.349 per cent. 

Lime. 6.933 per cent. 

Magnesia 1.007 per cent 

Ferric oxide 2.323 per cent. 

Alumina 371 per cent. 

AnUmon; oxide 0S6 per cent 

Arsenic oxide « 959 per cent 

Zinc oxide - 886 per cent 

Copper oxide » „ trace. 

Lead sulphide.. _., 6.834 per cent 

Lead sulphate _ 6.0S5 per cent 

Lead oxide, by difference- 63.868 per cent. 

lOO.COO per cent 
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The lead componads in the above contain 67.19 percent, metaltio 
lead, in addition to 0.25 per cent, of shot lead in the original residue. 
The lead gave on analysis the following resnlt : 

Arsenic- 0.01086 per cent. 

Antimony 0,00613 p«r cent. 

Silver. 0.00039 per cent 

Copper 0,01876 per cent. 

Iron 00462 per cent. 

Zinc 0.00090 per cent. 

Nickel 0.00086 per cent. 

Lead, by diiKrenoe- 99.96359 per cent. 

100.00000 per cent. 

The lead ie more arsenical than any analyzed; probably the 
charges contain a notable amount of arsenical pyrites or some 
arsenical copper ore. 

(6). Wyan Sprinff iam&Ge, S. 32, T. 42, K. 17 W., Morgan county, 
is owned by T. M. Avery, of Chicago, but is operated under the super- 
intendence of G-ooding, of ^Versailles. The ore is obtained fron> 

the workings connected with the furnace, and is almost entirely 
galenite. 

The hearth has 10 feet length and a greatest breadth of 5.25 feet. 
The fire box is two feet wide and six feet long. The fire bricks used 
in the construction are made at Oak Hill and Marine, Illinois. A 
charge consists of 1,S00 lbs. mineral, and is worked ofi* in 2i hours by 
two smelters and one helper, and with the consumption of 1.13 corda 
wood. The rate of expenditure of fuel is therefore 1.25 cords wood 
per two thousand pounds ore put in treatment. 

The roasting period lasts commonly one hour, when the tempera- 
ture is raised. A second roasting and firing, and finally a pressing of 
the residnes follow, so that, while the consumption of fuel is greater^ 
the residues are worked cleaner, as exhibited in the annexed result of 
analysis, and the gain in lead is decidedly disproportionately greater 
than the expense entailed by the use of the additional fuel : 
Anali/tit of Wyan Sjorinj Retidae. 

Silica- ...-. 18,303 per cent. 

lame. 17.782 per cent. 

Hafcnesia 1.756 per cent. 

Ferric oxide. ^ - 5.229 per cent. 

Alumina 294 per cent. 

AnUmony oxide - ._ .065 per cent. 

Zinc oxide 996 per cent. 

Lead sulphide- 16.466 per cent. 

Lead sulphate - 2.104 per cent. 

Lead oxide _ _ 27.005 per cent. 

99.889 per cent. 
-■- ''^IC 
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The residae contaiae no appreciable amonnt of mechanically 
encloBecl lead ; the total lead contained in the lead componnds is 
40.76 per cent, of the slag. 

The reBalting lead has the following centeseimal composition : 

Arsenic 0.00388 

Anamony , 0.000*8 

Silver .; 0.00057 

Copper-. 0.01002 

Iron „ 0.00428 

Zinc 0.00183 

Nickel- 0.00302 

Lead, by dURrence- 99.07786 

100.00000 

The furnace rnns abont two weeks in each month, in which time ia 
Bmelted the total product from the diggings of the company, aa well 
as some purchased ore. 

(7). BoniPs Air farnace— S. i£. qr. S.E. qr., S. 16, T. 40, K. 17 W., 
works chiefly ore from the Bach Greek diggings, abont three miles 
distant, Bootherly from the fnrnace.' It was bnilt in 1667, by the 
Messrs. Bond, but is now leased by them to Messrs. Wangelin, Bradbury 
& Co., of Jefferson Oity. 

The following dimensions have been furnished ns : 

Leagtti of hearth- .8 feet. 

Greatest width 4 feet. 

Narrowing down however, towards each door, to a width of ten 
inches. 

Length of fire box - 4 (^t. 

"Width of fire box 2 feet. 

Depth of fire box 2 feet. 

Height of flre bridge above grate 2 ffeet 

The slope of the hearth is eighteeninches in the eight feet length. 

The flre brick lining is from the eetabllshment of Messrs. Evans 
& Howard, St. Louis, and is reported to last during two campaigns of 
a furnace. The furnace runs from four to six months in the year. 

The charge is fifteen hundred pounds worked off in twenty-fonr 
hoars, consaming three-fonrths cord of wood. The yield is 12 pigs of 
90 pounds each, or 1,080 pounds of metal, equivalent to 72 per cent, 
from the ore put in treatment. 

The roasting period covers abont three-fourths of an hour, but 
the comparatively clean character of the residues would seem to 
indicate that it has been repeated. There appears to have been a 
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setting up of the residaea also. A sample of the residue gave the 
following composition on analysis : 

Snica- „ 20.311 per cent. 

Lime 7.791 per cent. 

Magnesia..... „ , 1.641 per ceat. 

Ferric oxide- 4.459 per cent, 

Alumina „ 5&7 per ceot. 

Antimony oxide- 132 percent. 

Zinc oxide ..v .417 per cent. 

Lead eulpbide.... I _ 26.162 per cent. 

Lead sulphate. 1.932 per cent. 

Lead,'' oxide, by difference - 36.70S per cent. 

lOO.OOO 

A little baric sulphate is included in the per centage of silica, but 
no separation was deemed necessary. 

The leeidues coutain no shot lead. The total per centage of 
metallic lead contained in all the lead compoanda is 58.017. 

The brand of pig is " GEAvoia." It gives on analysis, as fol- 
lows : 

Antimony. _ 0.00495 

Silver , - 00084 

Oopper 0.005B6 

Iron 0,00411 

Zinc .„ 00181 

Nickel 0.00195 

Lead, by difference '. _ ,99.98078 

100.00000 

(3) The Zinn Creek furnace, Sec. 25, T. 39, R. 17 W., Camden 
county, is owned by Draper & McClnrg, and was built in 1871. The 
fire box is 4.5 by 2 feet. The dimensions of the hearth are 8 feet by 
4. The interior lining is of Qre brick from the establishment of 
Messrs. Evans & Howard of St Lonis. The campaigns of the furnace 
have been, for the year 1871, three months ; for 1872, four months ; 
for 1873, six months, and for 1874, nine months, with new lining after 
each campaign. 

The ore treated is mainly from the Buck Creek diggings, eight 
and a half miles distant from the furnace. The charge is usually 
1,500 lbs. elaborated during the 24 hours with the consumption of one 
cord of wood. It yields twelve pigs of 84i lbs. weight each, or 1,014 
Ihs. metal, equal to 67.6 per cent, of the ore treated. The residaes 
hold no shot lead and contain : 

Silica 26,842 per cent 

Lime. .'. » - 5 234 per cent. 
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Magnesia 889 percent. 

Ferric oxide. _ 4 073 p«r cent 

Alumina 1.187 per cent 

Antimony oxide....; „ * trace. 

Arsenic, oxide _ trace. 

Zinc oxide _ .519 per cent 

Lead snlphlde _ 36.445 per cent 

Lead sulphate _ 4.629 per cent. 

Lead oxide, by dlflerenoe _ 30.872 per cent., 

100.000 

The lead componndB are equivalent to 54.029 per ceot. of metallic 
lead Id the residues. 

The pig lead is branded "Draper & McClnrg," and gives the fol- 
lowing result on analysis : 

Arsenic _ 0.01428 per cenK 

Anflmony _ : 00639 per cent. 

Silver _ 0.00048 per cent. 

Coppw „ 0.01511 percent. 

Iron - - 0.0037S per cent 

Zinc. 0.00186 per cent. 

Niclie] y 0.00186 per cent. 

Lead, by dlfierence _ 99.96787 per cent. 

100.00000 

A small furnace has been lately erected in Benton county for the 
treatment of ores obtained in the explorations now being actively 
pnshed in the snb-carboniferons rocks of the vicinity. At the time 
of our visit the furnace was not running. 

' The other reverberatories in counties included in the central lead 
district, and of which no particalars can be given, are as follows : 

MarmadDke _ Sec. 19; T. 49; B. 19"W.; Saline county. 

Old Scott _See.26; T.49; R.19W.; Cooper county. 

Oollin'a »8ec. 19 ; T. 49 ; R, 18 W.; Cooper county. 

Handlin Sec. 9; T. 42; E. 17 W.; Uorffan county. 

Ottervllle -...Sec. 21; T,4o; R. 19 W.; Morgan county. 

Banes & Berry , Sec. 32; T. 44; K. UW.j Moniteau county. 

Eureka .JSec. 28; T. 43; E. 14 W.; Cole county. 

PrattB Mill Sec. 26 ; T. 48 ; E. 14 W.; Cole county. 

Pioneer -See, 25; T,41; E. WW.; Miller county. 

OraurooL -Sec. 23 ; T.41; £.14^.; Miller county. 

The total number of air furnaces in the central distrit is 19. 

The following analysis of the Handlin (Morgan county) furnace 
residue is added : 

Silica _ 1C.860 per cent. 

Lime 9.733 per cent. 
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Uagneata _ 2.484 per cent. 

Ferric oxide 1 

j- - 5 MO per cent. 

Alnmiua J 

Antiiuoiiy oxide - 0.31& per cent. 

Arsenic oxide. „ trace. 

Zinc oxide 1.829 per cent. 

Onpnc oxide nil. 

Lead suIpMde _ - 23.822 per cent. 

Lead sniphate _ „ _ 3.<Xl per cent. 

Lead oxide ., 86.607 per cent. 



The leeidoe contains 0.38 per cent, of free or mechanically mixed . 
lead, while the total opoteot of metallic lead is 56.348 per cent. 

The EaaeB & Berry farnace, according to Schmidt's report (page 
558), works osaally charges of twelve hundred pounds weight. At- 
tempts to increase the weight to a ton, or even to fifteen hundred 
poQDdB were ansnccessfnl, having invariably been found to be disad- 
vantageoQS in regard to the yield from the ore. The dimensions of 
the fnrnace are not given. 

(0.) Thk Sodtheastbrn Hesioh. 

(1) St. Joe. FuTnac66: The estate of the St. Joe, company 
inclndes eighteen handred acres of land, chiefly la SL Francois 
county. The mining operations are mainly concentrated upon th& 
deposits in Sec. 33 ; T. 38 ; K. 4 E., about six miles from Oadet, a sta- 
tion on the Iron Mountain Kailroad. The character of these deposits 
and their geological position are so closely allied to those of the well 
known Mine la Motte property, and both have been bo fnlly described 
elsewhere, that repetition in this report wonld be superflaons. 

The ores receive mechanical treatment and concentration before 
fnrnace treatment- Their composition is shown in the results of 
analyses of the galenite from the diflerent Missouri localities (ante, 
pp. 16 and 17). The farnace yield is said to range between 65 and 70 
per cent, metal. 

The smelting establishment inclndes eight reverheratories of the 
common form, hut with larger hearth area than those in general use in 
the State. The dimensions are : 

Lengtli of heartti '. 14 feet. 

Width of heartti :...- 8 (eet. 

Length ot fire box _ 6 feet. 

"Width of firebox _ _ 4 feet. 

So that the areas of the hearth and grate are to each other nearly 
as two to one. The charge is larger, being two thousand pounds 
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mineral, worked off in eight honrs, or three auch charges being treated 
in one day. The fuel consumed is three-fourths of a cord of wood 
per charge or per ton. There are required two days (of eight hour's) 
labor per ton of ore treated. 

The residueB are eared for treatment for niokeliferous matte and 
lead at sach time when the proper furnaces hare been decided upon 
and erected. Their value for nickel and cobalt as well as the fult 
compOBitioQ is shown in the following result of analysis ; 

Silica...^ , 26.353 per cent. 

Lime 9.90S percent. 

UaKneala ....» _ » 3.701 percent. 

Ferric oxide. 1I.63S percent 

Alnmina 3.223 per ceot. 

Areenic..... 059 per cent. 

ADtimon^.-. trace. 

ZiDC oxide trace. 

Copper Bulpblde.-. 0.9S1 per ceat. 

Cobalt snlpbide 0.523 per cent. 

Nickel sulphide D.TT7 percent. 

Lead sulphat«. 3.4S5 per cent. 

Lead sulphide B7.792 per cent. 

Iie^ oxide, bf dlfi^rcnce 4.793 percent. 

100.000 

A special estimation of lead by humid analysis gave a total of 
38.695 per cent in the residue. 

The slags are richer in unchanged sulphide and poorer in oxide 
of lead than any thus far examined. Inferentially the heat has been 
too Kreat for advantageoas roasting, or the time too short fQr the 
weight of charge on the sole ; but as these residues are Intended for 
further treatment by a method looking to the winning of the lead and 
the production of a .nickel matte, their richness in metallic lead is 
for the present a secondary matter. 

Analysis of St. Job Rbtksberi^tobt Lkad. 

Araenlc 0.00183 percent. 

Antimony 0.00675 per cent. 

Silver. ....„ _ 0.00105 percent. 

Copper- _ 0.06394 percent. 

Iron............ 0.00137 percent. 

Zinc ., 0.00082 percent. 

Nickel trace. 

Lead, by difference 99.93124 percent 

100.00000 

(3) J?e8 Loff6 furnace, in St. Francois county, was started ia 
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Jane of the preseiit year. The ores treated are similar to those re- 
-dnced at the St. Joe, being, in fact, extracted from the same deposit, 
the miaes of the two companies being only about one thousand feet 
Apart. The ore from the mine yields, by humid analysis, upwards of 
nineteen per cent, metallic lead, and contains the following amonntB 
of foreign metals : Copper, 0.T98 ; ziDC,0.611; nickel and cobalt (not 
separated) 0.137 ; iron, 2.240, chiefly as pyrites, some little, however, 
occurring as oxide in the limestone gangue. 

An excellent system — the most complete in the State — has been 
adopted for the mechanical concentration of the ores, and the ca- 
pacity is reported to be equal to the handling of one hundred and 
twenty-flve tons of raw ore daily. A Blake's breaker, No. 6, makes 
the preliminary crushing of the ore, whence it passes to two setts of 
tolls, the larger of which has a twelve inch face, the smaller being 
fourteen inches in diameter, with a fourteen inch face. The crnshed 
■ore is sized by four revolving screens or trommels, which yield seven 
grades of mineral, corresponding to 19 (and over), 12, S, 6, 4, 2 and 1- 
thirty-second of an inch diameter. The largest size is returned to the 
rolls, the others are passed to jigs, the coarser being treated in those 
of the Eittinger system ; the finest being classifled into four grades of 
which the two coarsest are treated in an eccentric jig and the other 
on a Eittinger table. A seventy-horse-power engine furnishes the 
motive power. Eight men are required for a post of twelve hours, ' 
representing the treatment of some sixty tons raw ore. The estab- 
lishment was designed by Mr. Ferdinand Stolinski and erected nnder 
his personal supervision. In the following table are given the yields 
of the prodncts in metallic lead and the content of foreign metals, the 
Dumbers corresponding to the recognized grades at the works : 

, Nickel and 

Lead — Iron — Zinc — Copper — Cobalt — Anti- 

per cent per cent, per cent, per cent per cent atony. 

No. L 63.G1 1.559 1.270 0.167 0.573 trace. 

No. n 76.42 0.067 0.387 0.040 0.042 trace. 

No. in 67.96 0.823 0.670 0.091 0.078 trace. 

No. IV. 76,93 0.655 0.689 0.182 0.004 trace. 

No. V 74.43 0.938 0.438 0.093 0.039 trace. 

No. VI 73.68 1.T61 0.249 0.326 0.039 trace. 

Coarse " chats" 85.238 6.185 1.006 2.735 0.480 trace. 

Middlings- 31.076 9.911 2.002 2.627 -[^'^'J,^ trace. 

PIne"chatB" 11.620 27.521 trace. 2.622 1.107 trace. 

In No. I.-YI. (inclusive) the lead was estimated by fire assay, the 
mean of two results being given ; the trace of antimony was found in 
ten grammes of the materials. The lead in the "chats" and "mid- 
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dliogs ^ was reached by weighing as sulphate id the ordinary proceea 
of hamid analysis, and the lesultB are higher by at least five per 
cent, than if the usaal fire assay had been made. 

One farnace of the Flintshire pattern has been pnt in operation. 
Twenty-fiTe hundred pounds of dressed mineral are charged at au 
time. The charge is elaborated in ten hoars. Thirty pounds of finor 
spar (calcinm fluoride) are added to a charge, with a view probably to- 
getting rid of some of the silica of the charge. The average slag 
shows a composition, as follows : 

Lead sulphate. • 1.399 percent. 

Lead aulpblde. 40.105 pei cent. 

Lead oxide - 9.313 per cent. 

Sickel and cobalt oxides 0.0911 per cent. 

Copper oxide 0.903 per cent. 

Ferric oxide. _ 10.874 per cent. 

Caldum fluoride. - 0.711 percent 

Alumina ,....- 0.327 percent. 

Lime— 12.552 percent. 

Ztoc oxide - _ 2.303 per cent. 

Magnesia. 3.218 percent. 

ffillca. 16.987 percent 



A sample of the pig lead gave the following: 

Lead, by difitrence. 99.98383 percent. 

Iron 0.00307 per cent 

Ztnc. _ „ 0.00398 percent. 

Copper _ 0.05872 per cent. 

Silver. 0.00045 percent. 

Arsenic, anUmony, nicltel- i traces* 

100.0000 

An aDalysis of the dross or skimminga from the lead pot was alsa 
made and is here introduced to show the concentration of certaia 
metals in the process of refining by poling in the lead pot. The esti- 
mation of the lead and foreign melals (excepting silver) was made, 
the other constitnents not being determined. In one hundred parts of 
the dross there are — 
Lead 87.597 



Iron... 
Zinc... 



Copper, 

Antimony .- 
Silver 



The lead was estimated as sulphate. 
*In 100 gnunmee. 

[ii_cd., Google 
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[The Ash Grove Mining Company, QpetSLtiag in T.30,R.24 west, 
have taken out apwatde of forty thousand pounds of ore in explora- 
tions of less than fonr months. I have no infoimation concerning the 
character of the deposit, nor of the details of the smelting, if any 
have been started.] 

(3.) The Saline Valley Mining Company, operating the Avon 
mines, Sec. 12, T. 3$, K. 7 E., Ste, Genevieve county, have two rever- 
beratories for ore treatment, and a slag furnace for residues. The ores 
occur similarly to those at La Motte and St. Joe. 

(4.) The Frumet Company (owning 1,300 acres in Sees. 28, 33 and 
■34, T. 40, R. 3 E, Jefferson county), have one reverberatory of the 
Flintshire pattern, and a cupola for residues. A sample of the lead 
produced gave the following composition of analysis : 

Araenic ^ O.OOOOt 

Antimony. ,. O.OOOOT 

Silver- 0.00179 

'Copper...... .'. 0.01399 

Iron - 0.00282 

ZlDC ., _ 0.00240 

Nickel- 0.00068 

Iiead, by difference. '. 9B.B4826 

loaooooo 

II.— ILLUSTBATIONS OP HEARTH TBBATMBNT. 

A general outline of hearth treatment has been given on pre- 
ceding pages. The forms of apparatus in use in the State are either 
the. dngle tuyere, old fashioned hearth, or the more recently intro- 
duced American water-back hearth; commonly with three tuyeres. 
This latter form has been described at sufficient length for purposes 
-of this report in the section devoted to the general practice of lead 
metallurgy. The details which will be given under the present head- 
ing, though somewhat meagre, will be found sufficiently full for reach- 
ing general conclusions with respect to the economics of the method. 
This is the more especially true since the variations in the dimensions 
of the hearths and the weight of charge treated on them are not 
wide as in the case of the reverberatory, and since as a general thing 
the purer and higher grade ores alone receive treatment. The results of 
analyses of slags or residues which are given in this section, while 
perhaps of value to those who may submit them to farther treatment 
in the slag furnaces, can give no correct ideas of the thoroughness with 
which the lead may have been extracted, unless, indeed, the whole 
-conditions of weights of materials introduced, of loss by volitiliza- 
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tion, and of amount of residoe produced, are given as factors in our 
-calculations. The fact that these residues generally contain uncon- 
suRied fnel, and frequently, also, the lime which has been added aa 
tiie so-called dux, may make the per centage of lead seem small in 
some instances, while, if it were possible to calculate the wastage 
back opoQ the original ore, it is really much greater. The difficolties 
In this respect are even more serions than those which obtain in the 
case of the reverberatory treatment, where, if it were possible to 
know the true and foil composition of the ore, and the residae, and 
the weight of the latter produced, the chief disturbing element wonld 
be the foreign matters introduced by the wear of the furnace linings. 
Unfortunately, no such data as we desire exist for any of the Miseoorl 
furnaces, for no attempts are made to control or improve empirical 
results by stochiometrical calculations. 

The order adopted for the reverberatories will be followed in con- 
sidering the hearth method. 

A.— S00THWB8TKRH Eegioh: (1.) The Gran by Company operates 
fiix of the improved hearths. The common duty of a hearth is 
about 3,000 pounds No. 1 block mineral worked off in an eight hoor 
shift. The labor required for this amount of ore is two smelters and 
one helper — the latter serving two or mote hearths by delivering ore 
and coal to them. Two shifts are nsually worked in a day for six 
days, equivalent to the treatment of 216,000 pounds of mineral, yield- 
ing 181,200 pounds of metal, or 70 per cent. For the production of 
this amount of metal there are consumed 660 bushels of charcoal and 
60 bushels of lime for so-called flux. The latter costs 25 cents per 
bnshef. 

The lead produced is somewhat purer than that produced by the 
reverberatories, as will be seen from the subjoined analysis, and a 
comparison of these results with those given while treating of the 
Flintshire and ordinary air furnace results at Granby. This result 
may be due to features inherent in the process, or it may be ascribed 
to greater purity of ore put in treatment: 

Oranbv Hearth Leads. 

L U. 

Arsenic _ 00019 0.00134 per cent, 

ABtimonj _ 00198 0.01086 per cent. 

Sliver. - .00045 0.00057 per cent. 

'Copper. 00479 0.00780 per cent. 

Iron 00320 0.00867 per cent. 

Zinc 00142 trace. 

Nickel 00047 0.06037 per cent 

Sulptinr... trace. trace. 

Iie»d,by diffbrenoe. 99.68850 99.96905 per cent 

100 00000 100.00000 per icent. 
■ ■■■ ■■ -■ - - ■ ''s'*^' 
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No 3. IB an analysis already published (in Beport of Board 0/ 
Curators of Slate University/ for the years 1874-75) ; No. 2. is a recent 
analysis of a sampie representing 23 pigs. 

The Granby Mining and Smelting Company have also three 
hearths at Oronogo, Jasper county, which have not, however, been 
operated for some time, the ores mined at that place having been sent 
to Granby for treatment. 

(2.) At Lone Elm, Jasper county, Messrs. Mofiett & Sergeant 
have three hearths of the newer form. Each treats three thousand 
pounds of high grade ore per shift, with three shifts per day. Fifteen 
buehela of charcoal are reQuired for the treatment of the three thou- 
sand pounds of mineral. The yield is 66.t> per cent, metal, with the 
foUowing composition; 

Arsenic _ 00027 percent; 

Iron ~ 00777 percent. 

Zinc- ».« 02071 pereeut. 

Copper 0C46B per cent. 

Nickel- „ „ 00031 percent. 

Antimony „ - 0026tt percent. 

Silver, 00026 percent. 

Lead, by difference 99,96340 

100.00000 

(3.) With three hearths, the Joplin Mining and Smelting Com- 
pany treat 108,000 pounds of mineral per week, which, at two eight 
hour shifts per day, wonld correspond to 3,000 pooods per shift. The 
yield is reported at 66,6 per cent, of lead. No details respecting 
these, nor the following hearths in the soathwestern region have been 
obtained. 

lUjfgiDS & Ohapman 3 Heartbe. 

Thurman Mining and SmelWDg Co. 1 " 

8. B. Corn & Co 2 " 

Neoabo Manufacturing Co 1 " 

These with those above described, give a total of twenty-two 
hearths for the district. 

(b) Central Rkqiob — The central lead region furnishes but one 
illustration of the hearth treatment. It is situated in Sec. 17, T. 41, B. 
17, W., in Morgan county; was built in 1869, and belonged to the 
Messrs. O'Brien. It belongs to the old form, single tnjere hearth, 
which is of leas capacity than the improved form, treating 6,000 pounds 
of mineral in three eight hours shifts. The yield is usually sixty pigs 
of sixty-seven pounds each, or 4,020 metal, equivalent to 67 per cent. 
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of the ore pat Id treatment. 1'he blast is famished by bellows moved 
by water-power. 

A sample of the residae gave, on analysis, the following result : 

SiUca, nith iinoonBumed charcoal aDd allttle baric sulphate «. ... 43.0eS per cent. 

Lime 6.32il percent. 

Hkgnesla 1.S45 per cent. 

Ferric oxido. _ _ 3,021 percent. 

Alamtna - ~ ti'ace. 

Anilmony oxide. ~. 0.384 per cent. 

Zinc oxide — 0.456 per cent. 

Lead snlphtde - 2S.M3 percent. 

Lead sulphate - 0.432 per cent. 

Lead oxide _ - 10.319 per oent 



The lead compoands in the above contain 42.492 per cent, of 
metallic lead. The oiiKinal slag showed but 0.07 per cent of shot or 
mechanically enclosed lead, separated in the operation of preparing 
the sample for analysis. 

— Southeastern Beffion — (1) The Hopewell fnmace, Washing- 
ton coanty, has been in operation since 1839.* The character of the 
ore treated is shown in the test of results of analysis [Nos. XXXIV 
and XXXY, page 17], The hearth ased is the old form, twenty 
inches wide by twelve deep, with a single tuyere, the blast being 
supplied by a double acting bellows operated by an overshot water- 
wheel. Of the amount of ore treated and of the consumption of fael 
we were unable to learn any particulars. The nsual time is a shift of 
eight hoars or the period required to produce twenty-four pigs of 
aisty-one pounds each, or 1,464 pounds of metal. As this furnace is 
of the same character and size as the O'Brien hearth, just described, 
it may be presumed that the ore worked to produce this weight of 
metal was about two thousand pounds, giving a yield of 73.2 per cent, 
for the ore put in treatment. In the year 1875, this furnace received 
410,000 pounds of ore, and produced 5,130 pigs or 312,930 pounds of 
metal, corresponding to a yield of 76.3 per cent. The metallic produc- 
tion probably included some slag lead, for the Hopewell residue are 
treated ina slag furnace; so that there is probably very little risk in 
assaming the yield to be about 73 per cent, as before calculated. 

The residue has the following composition : 

SUIoa S6.348 percent. 

Lime 3 604 per cent. 

* Dr. LUton (In Swallow's Beport) pp. 58 and 59. 
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Alumina 

Antimony oxide... 

Araenio oxide 

Zinc oxide „ 

Copper oxide 

Lead salphlde 



1,436 percent. 

3.707 percent. 

0.053 percent 

0.16S per cent. 

218 per cent. 

2.527 per cent, 

a trace 
19.647 per cent. 

2.913 per cent 
30.338 per cent 



Lead sulphate... 

Lead oxide, by difference... 

The total per centafce of metallic lead in the residue is 47-267 

100.000 

(2) Perry Furnaoe, one and ahalf miles from Potoai, Washing-- 
toQ county, is a hearth of the old pattern and of the size as that giveo 
f or the Hopevell. The blast enters through one tayere of two and 
a half inches diameter and is supplied by a Sturtevant blower, No. 3. 
The ore is prepared by crushing by hand on iron grates. 

The length of time required for the production of thirty pigs of 
seventy pounds each, (2,100 pounds of metal) constitutes a shift, in 
which are worked two smeltetB and a helper as usual. There are 
commonly treated in this time about three thousand pounds of 
mineral with the consumption of ten bushels of charcoal. This fur- 
nace ia very actively worked, its production in 1875 being 14,600 pigs» 
or 1,022,000 pounds of metal, corresponding to 487 shifts of thirty 
pigs each. 

The residues are treated in the same hearth after concentration 
by washing. The second residue, or those resulting from the re-smelt- 
ing, are sold for treatment in the slag furnaces of the vicinity. The 
hearth residues from the original ore have the following composition : 

Bllloa 25.336 percent. 

Lime 4.230 percent. 

Magnesia 0.711 percent. 

Ferric oxide 1.414 percent 

Alumina 1912 percent. 

Nickel oxide 746 per cent 

Zinc - 0.5S1 percent. 

Arsenic oxide 0.023 per cent. 

Lead 48.577 percent. 

Snlpbur, sulphuric acid and oxygen in combination wltii lead_ not estimated. 

The Perry pig lead gives, on analysis, the following : 

Arsenic - 0.09674 percent 

Antimony 0.00503 per ceut 

Silver - 0.00190 percent. 

Copper - O.OO490 percent. 

Iron 0,00436 percent. 

Zinc 0.00598 percent. 

Lead, by diflbrenoe 99.97191 per cent. 

100.00000 
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(3) Valle Furnaces— The estate of the Yalle Oompaoy com- 
prise 4,500 acres, chiefly in the coantiee of Jefferson and St. Francois. 
The deposits on Sec. 7 and 8, T. 38, B. 5, E., were discovered as early 
as 1824, by Joseph Schnts, and have been worked with but little inter- 
ruption since that date. 

The furnace inclades two hearths and a cupola for slag treatment. 
The hearths have each a single tuyere ; the blast being furnished by 
a No. 6 Stnrtevant blower, run by a 30 horse power engine. The 
hearths are 18 inches by 14 inches in section. In an eight hour shift 
there are treated 3,500 pounds of ore, producing thirty-three pigs of 
seventy-five pounds each, or 2,475 pounds of metal of the "Koziei" 
brand. This yield corresponds to 70-7 per cent. For the Valle brand 
of metal, there is used a previously calcined and sorted ore which is 
charged, to the same amount, in the Scotch hearth, producing thirty 
pigs of eighty pounds each. 

During each shift a hearth requires four bushels of charcoal and 
one-twentieth cord of wood. The charcoal is supplied to the com- 
pany by the burners at a cost of eight cents per bushel, the company 
cntting the wood. Occasionally, when the mineral is not very clean, 
a little lime is used. 

The ore is worth $39 per miner's thousand when lead is worth 
seven cents per pound, and $1.50 additional per thousand for each 
one-quarter cent advance in the market price of the metal. 

The hearth residues are treated ia a small slag cupola. They 
show the following composition : 

SHioa 8.871 per cent. 

Lime 8.30S per cent. 

Uagnesia 0.100 per cent. 

Ferric oxide- 4.366 per cent. 

Alumina 0.061 per cent. 

Arsenic and antimony- traces. 

Zinc oxide 18.129 per cent 

Copper oxide : 0.348 per cent 

Lead Hulphlde- 32.922 per cent. 

Lead Eulpbftte-. IMS per cent. 

Lead oxide 39.300 per cent 

99.323 
Metallic lead in above 57.7M 

The two brands of pig lead procured at the the YalM furnaces are 
composed as under : 

Eozier. ValW. 

Arsenic 0.00935 trace. 

Antimony- 0.00184 000314 
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Rozier. Talle. 

Silver 0.001116 0.00326 

Copper. 0.03742 0O4I6B 

Iron„ 0.02497 0.00158 

Zinc- 0.00118 0.00294 

L«wl. by diflbrence- 99.91919 99.94648 

100.00000 lOO.OOOOO 

Dnring the year 1875, there were emelted 602,320 ponnda of ore, 
prOdncing 1,801 pigs, or 135,075 poundB of Eogers' brand, and 3,589 
pigs, or 287,120 pounds of Valle brand of metal, giving a total of 
422,195 pounds of lead, egnivalent to 70.09 per cent, of the ore treated. 
The residue gave, by farther treatment in the slag furnace, 929 pigs 
of 60 pounds each, or 65,740 pounds of Phoaaixlead. [See section on 
elag smelting, page 75.] 

(4.) Mtne La Motte. — Historically, as well as economicallr. 
Mine La Motte is one of the most important and interesting of the 
lead developments in the State. Its estate includes twenty-fonr 
thousand acres in Madison county, on some parts of which lead ores 
appear to have been discovered, as early as the year 1723, by Renault 
aad La Motte, the last named beginning work in the following year. 
The discovery of nickel and cobalt minerals in association with the 
lead ores in the deposits at this locality, and the very considerable 
importance which the production of nickel matte as an incidental 
product has reached, has of late greatly increased the interest which 
is attached to the well known and frequently described Mine La 
Motte. 

The metallurgical operations on this property comprehend the 
treatment of the ores by the hearth process and the further treatment 
of the residues and roasted ores, notably aickeliferons, in the cupola 
furnace for the prodnction of a slag lead and a nickel matte. The 
latter is farther treated by concentration for market. 

The hearths are two in number, of the newer form. They are two 
feet wide by twenty-two inches deep, with three tuyeres each ; the 
blast having usually a pressure of four ounces. Each hearth works 
thirty-two hundred pounds of material in about six hours time, with 
two smelters and one helper serving the two hearths. Eight bushels 
of charcoal are consumed for this work. The product is twenty-five 
pigs of eighty pounds each, or 2,000 pounds of metal, equivalent to 
68.7 per cent. 

From March 27, 1875, to December 25, of the same year, 7,906 cars 
of ore were crushed, producing 6,786,279 pounds of clean mineral for 
furnace treatment. In the same time there were smelted 5,808,747 
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ponndfl of this washed ore, producing 49,101 pigs, or 3,928,320 pounds 
of lead, of which 41,136 pigs, or 3,290,880 pounds were from the 
hearths, and 7,968 pigs, or 637,440 ponnds were ptodoced by the 
cupola. With an average yield of 68.7 per cent, the amount of ore 
treated to produce the above named amount of metal from the hearths 
would have been 4,790,048 pounds, leaving for the cupolas 1,018,620 
pounds. 

The amount of residue prodnced by the hearths at Mine LaMotte 
is reported at from 10 to 17 per cent, of the ore put in treatment, or, 
say an average of 13.5 per cent. A charge of 3,200 pounds would 
therefore yield 431 pounds of residue, the composition of which we 
find to be as under: 

Silica. 16.6Se per cent. 

Ume 10.337 per cent. 

l£agD«Gi& 6.188 per cenL 

Ferric oxide 15.6B6 per cent. 

Alumina- 1.883 per cent. 

Nickel sulphide 1,031 per cent. 

Ooirait sDiphide 719 per cent 

Cuprous Bulpiilde *- 1M percent. 

Antimony and Areealc— trace. 

ZlDCOxide „ ., 1.816 percent 

Lead BDlpltide _ 30.999 per cent. 

I^ead gulpbat« « 8.904 per cent. 

Jjead oxide, by dlfierence 23.087 per cent 

100,000 
With a yield of 48.011 per cent, of metallic lead. 

The nickel and cobalt compounds io the above result, corres- 
pond, respectively, to 0.666 per cent, nickel and 0.466 per cent, cobalt. 
An analysis of a second sample gave W. C. Minger, in this laboratory, 
1.242 per cent nickel sulphide (— 0.852 metallic nickel) and 0.675 per 
cent cobalt sulphide (—0.438 cobalt). The mean, which proba- 
bly represents a fair run of the residues, is 0.759 per cent, metallic 
nickel and 0.452 per cent, cobalt. These residues are treated further 
for metallic lead and a concentrated nickeliferoue mass or nickel 
matte, by a method which will be found detailed in the section 
devoted to the methods of slag or residue treatment. The matte is a 
source of no ioconsiderable revenue to the company. 

The hearth lead prodnced at Mine La Motte we find to have the 
following composition; 

Arsenic 0,00034 per cent. 

Antimony 0.00119 per cent. 

SUyer 00345 per cent 
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Copper- 0.01999 per cent. 

Iron _ _ *, 0.00218 per cent. 

Zinc 0.00164 per cent. 

Nickel- ~ 0.000tl5 per cent. 

Lead, by difference- 89.06996 per cent, 

100.00000 

The hearthe at Mine la Motte have connected with them cham-, 
bers for fame cODdeosatiOD, in which are collected thirty-three thon- 
Band three hundred pounds of fume in three months' time, or 100,000 
poaods resaltinK from the hearth treatment of 4,790,048 pounds of ore. 
The fume yields 70 per cent, metal, and is treated with residue and 
ore in the cupolas. The loss by volatilization in the hearths is, there- 
fore, 2.17 per cent, of the ore, or S.04 per cent, of the lead produced 
in the treatment in the ore hearth. 



SLAG TREATMENT IN MISSOURI. 

Slag treatment, or the extraction of lead from the residues of the 
reverberatory and the hearth processes, is practiced at Granby, at 
Davis' & Murphy's establishment, Joplin, at Hopewell, at Ferry, and 
at the Yalle fumaoes. To this list may be added the more elaborate 
cupola process, in use at Mine la Motte, where the residues are treated 
mainly for the production of nickel matte, by which a metallic lead 
is also recovered. The character of the material to be treated has 
already been indicated by the various analyses given on preceding 
pages, in the description of the several furnaces and ore hearths. It 
will be seen that the residues consist of varying admixtures of more 
or less scorified gangue substances with lead sulphide, sulphate and 
oxide — the latter both free and in combination with silicic acid — and 
contain besides mechanically enclosed or "shot" lead. The foreign 
metals of the ore, which are but slightly volatile at the temperature of 
treatment, are also concentra};ed in these residues, which, therefore, 
prodnce necessarily a more impnre metal than do the original ores. 

The form of furnace in use is the North of England slag hearth, 
eo modified as to increase rapidity of handling and production, but 
retaininjE at the same time the valuable featnres of economy of ori- 
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^'oal plant and convenience of operation. It belonf^s to the claas of 
furnaces distingnished as Krummofen, being a low shaft, usaally of 
four feet beif^ht, with rectangular Bection, provided with a cast-iron 
bed-plate or sole sloping downwards towards the front, usaally at the 
rate of one and a half inches to the foot, and extending outwards so 
as to overlap the iron pot in which the lead is received. This bed- 
plate carries the fire-brick lining of the sides of the fnrnace. A single 
tayere, commonly three inches in diameter, enters the back of the 
furnace at a height of eight or ten inches abovp the sole. The "eye" 
or port of the farnace is about nine inches in height by one foot in 
width, and is closed during the operation of the furnace by well 
rammed, stiff clay ; through the bottom of this, at the bed-plate, a 
wooden tap-plug passes, which is withdrawn at about an hour after 
4:he farnace is in full blast. The exterior lead potis divided uneqnally 
by a partition descending nearly to the bottom ; the larger division is 
frept filled with pieces of charcoal, over which the slag runs, and 
through which the lead filters and passes beneath the partition into 
the smaller division or moulding side of the pot. The slag passes 
thence into the water tank. The very considerable volatilization of 
the lead requires that tbe furnace should be surmounted by proper 
contrivances for ventilation. 

The furnace is operated by tamping over the bed-plate abrasqne 
composed of equal volumes of clay and coke, so arranged as to be 
about one inch in thickness at tbe port and f«ar inches at the back. 
A fire is kindled with dry wood in small stacks arranged against each 
othefl- in an inverted V shape, from front to back, and slightly above 
the tuyere in height, so as to form an unobstructed passage for the 
blast from back to front of the furnace. On this live coals are thrown 
above the tayere, the furnace filled with charcoal, and the blast turned 
on to the extent of about half the usual amounL As soon as the char- 
coal is thoroughly ignited, the normal fuel or coke is spread over it to 
the depth of six inches, the full blast turned on and the slag spread 
-evenly over the coke. At intervals the normal change of coke and 
elag (about one measure of the first to four of tbe latter) are thrown 
in, jn such a manner that the slag is chiefiy at tbe back and the ooke 
mainly at tbe front of the furnace, and the furnace is kept full. The 
proper manipulation of the furnace for forming the nose is a matter of 
experience. The discharge of slag indicates the working, A sluggish 
dull-red flow of slag over tbe charcoal in the pot indicates too low 
lieat, and loss of lead by mechanical enclosure ; fuming of the slag 
shows matte production, while a thin stream of slag, of a bright straw- 
jellow color, shows a proper condition of working. 
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The highly bftsic character of the materials amelted in these fur- 
naces, caoBeB rapid wear of the linings, and a campaign is necesBarily 
a very short one, rarely exceeding thirty-six hoars. The furnace i» 
blown oat by ceasing to charge with residneH, bat continaing the 
introdaction of the fuel till no more slag rans from the tap-hole. The 
repairs are readily and cheaply made. No dax is added to the charge, 
but when practicable the residues rich in lime are mixed with furnace' 
bottoms for treatment. 

The nsnal daty of the slag hearth in this State is from twelve to- 
fifteen tons of residues, run throngh in the doable shift of sixteen- 
hours, requiring six workmen, as follows : One slag smelter, working 
the double shift, two helpers and two pot-men ; one of each in each 
eight hour shift. 

There will be used in such a run about foar thousand pounds of 
ooke, about twenty bushels of charcoal, besides the fnel for the blow- 
ing apparatus. The cost of treatment will be about as under: 

Labor, per tOD reaidnes 0.4 day. 

Coke, '• " „ 266 lbs. 

Charcoal, " " ,. 80 lbs. 

The furnace yield is about 23 per cent. lead. The other products 
are black-slag, lead-dross, wall accretions from the furnace and fume 
The lead is hard lead, as noted above ; it is usually refined by melting 
and poling in the reverberatory, bat is not then as eatisfactory for 
ohemic&l porposes, and usnally ranges in the market a half cent per 
pound lees than the soft leads directly from the ores. 

The GranbyBitLg furnace has a horizontal section of 2 feet 6 inches. 
by 3 feet. The slag gives the annexed composition on analysis : 

SlUca. 37.648 per cent. 

Lime- _ i 4.006 " 

Ha^eela 1.761 >' 

AlumlDB- _ - 8.268 

Ferrous oxide. 2.368 " 

Leadoifde- 83.778 " 

Zlnooilde._ 14,221 " 

Lead salphate 0.S59 " 

PeiTOua flulphide 1.927 " 

&0.218 

Besides traces of antimony. Eegarding the ferrous snlphide as asmalf 
amount of matte, mechanically mixed with the slag, and taking the- 
lead sulphate as a foreign matter, there remains 96.932 per cent, of 
true slag, with the following per centage compoeition and amonnts of 
oxygen in the respective constituents : 
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SUiea 38,8* per cent. 

lime 4.13 " 1.181 

HagnesU 1.81 " 0-79 i 

Alumina. < 3.37 

Ferrous oxide- 2J3 

Leado^de. 34.86 



Per oenL Batlo ofO. of 
Oxygen. Silica to O of t>aBee. 



34.86 " 2.60 1 

Zinc oxide. 14.67 " 2.90J 

The ratio la therefore 2 to 1, Riving the formula of a bi-eilicat» 
slag with lead oxide as the chief base. It ia doobtfal whether the 
SDbatitate of eome other base for the lead oxide, by the use of flax, 
woald be advantageons on the acore of eoonotuy, even though saviog^ 
of the furnace lining might also be obtained thereby. 

After refining in the Flintshire furnace, the Granby slag lead has 
the following composition : 



Anenic — m 0.00101 per cent. 

Antimony-. » 0.04976 per cent. 

Silver. 0.00029 per cent. 

Copper 0.02965 per cent 

Iron „ 0.00718 per cent 

Zinc 0.00180 per cent. 

Gadminm- 0.00276 per cent. 

Lead, by difibrenoe. 99.90766 per cenL 



The aample represented thirty piga. The losa of weight in the 
refining operation is said to be about four per cent. 

The elag-fnrnace of Daris & Murphy, at Joplin, (similar in con^ 
struction and mode of operation to that at Granby), yielda a black 
alag, with the compoeition given below: 

8Ui» _ 24.627 per cent. 

lilme 6.180 pef cent. 

Uagnesla _ 1.066 per cent. 

Alumina 361 per cent. 

Antimony oxide trace. 

Ztnc oxide „ 10.336 per cent. 

Lead oxide - 47.619 per cent. 

Lead Bolpbate.. 2.765 per cent. 

Lead sulphide- 1.166 per cent 

Ferrous sulphide 6.189 per cent. 
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Bednoting the last three constitnents as uot belongiof; properly 
to the slag, the trne slag will be found by calcnlation to have the lol- 
lowiDg composition and oxygen ratios : 

Per cent Per cent Oxygen ot silica 

constituents. Oxygen. to oxjgen of bases. 

«lUoa 27.252 = 14.53 = 14.63 

Lime- 6.811 = 1.941 

Hogneela- 1.172 = 0.47 j 

Alumina _ 0-401 = 0.19 j- = 8.72 

XIne oxide 11.483 =2.23 

iead oxide-... 52.910 = 3.89J 

or aboat 8 to 5, and showing, therefore, a miztare of singnlo- and 
bi-silicate, with nearly 53 per cent of lead oxide [=50 per cent 
metallic lead]. This composition would seem to indicate that the 
.slag was formed with greater corrosion of the faraace lining, but with 
less consumption of fael than the Granby slag ; but, 00 the other 
band, it would be more apt to entangle metallic lead, being somewhat 
thick-flowing, congealing more rapidly and of high specific gravity. 
The original slag contains also more matte, and is less clean than the 
£ret described. 

The slag-furnace at Hopewell is three feet in height, with a hori- 
zontal section of 2 by 2^ feet. Wood is used for fuel, and the hearth 
residues are fluxed with some black slag from preceding operations in 
the slag- furnace. The black slag shows : 







oxycen 


24.539 per cent. 


= 


1309 


9,896 per cent. 


= 


2.83 


3.778 per cent 


= 


1.11 


.385 per cent. 


= 


D.18 


2.039 per cent 


= 


0.45 


1.619 per cent 


= 


0.32 


17.920 per cent 


= 


3.36 



Llme_ 

Uajcnesia 

Alumina— 

FerrouB oxide- 

Zbc oxide 

Lead oxide 47.920 per cent 

Ferrons sulphide 9.399 per cent 

' 99 570 

Besides traces of copper oxide. It contains 43.56 per cent metallic 
lead, and is, therefore, somewhat cleaner then the preceding; but, like 
the latter, contains nearly ten per cent of matte. The oxygen ratio is 
about 9 to 6, so that the slag is even more basic than that irom 
Joplin. 

At the Valle works, 5,000 pounds residnes are run through the 
elag-furnace in a twelve-hour shift with the production of 18 pigs (of 

- - ,^lc 
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60 poande each) of elag lead of the brand "Phceaix.'' The famaoe 
Ijrield is, therefore, a little more than 20 per cent. The fttrnace ie run 
with charcoal, and slag from the same furnace ie used for flax. The 
fllag gives, on analysis : 



Silica- 


20.422 


= 


Percen 
oxygen 
10.89 
1.78 
0.35 
8.47 
a.44 
6.61 
1.37 


t Oxygen of nillca 
to oxygen of bases 
= 10.89 














Alumina- 


5.238 


= 11.72 














Cuprous Bulpbide 


0.319 





with traces of arsenic and antimony. The oxygen ratio of 1 to 1.5 
nearly, indicates a highly basic slag, or sub-silicate with less lead than 
any slag described, and with a proportional iucreaee in ferrous and 
zinc oxides. Such a slag should run in a thin stream, and congeal 
■verj- rapidly, and is very likely from its high specific gravity, to 
enclose metal. Besides it must be very destructive to the furnace 
lining, necessitating much more frequent repairs than those previously 
described. It is stated above that the rnn of the furnace prodaoing 
this slag is but twelve hours, and only fonr thousand pounds residues. 
The slag lead of the Valle furnace gives on analysis, the follow- 
. ing composition : 

Arsenic - 0.01556 per cent 

' Antimony - 0.13365 per cent. 

Silver - 0.00525 per cent. 

Copper. 0.09323 per cent. 

Iron _ 0.00470 percent. 

Zinc - 0.00235 percent. 

Lead, by difference y9 74538 per cenL 

lOO.OOOOO 

In all furnaces of the cupola form, the ashes of the fuel become 
constituents of the slag. Coke ashes contain from 65 to 65 per cent, 
of silica, ana have alntnina and ferric oxides as their chief bases, be- 
sides containing lime, magnesia, manganic oxide, and the alkalis. 
The oxygen ratio of the acid and bases is very nearly that of a bi- 
silicate, while the great variety of bases makes it a slag of somewhat 
ready fusibility. The ashes of charcoal on the other hand, contain 
but small amounts of silica, but are rich in bases such as the alkalis 
and lime. The alkalis have not been determined in any of the fore- 
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going aDslysis of slags ; they were but small in amoant, and would 
be of no significance from a technical standpoint. 

SPECIAL CUPOLA METHOD AT MINE LA HOTTB, 

The fact that the hearth residnes at Mine la Motte are notably 
nickeliferone, indacas a modification of the slag methods above 
described, which has for itB object the extraction of the lead and the 
simaltaneons prodaction of a matte, in which the nickel shall be con- 
centrated in amonDt. Beeidee, some of the ore deposits which are 
worked at that property, yield ores sufficiently rich in nickel to be 
passed at once to this treatment, either in admixture with the hearth 
residues or separately. 

The process practiced belongs to the class of trae cupola methods, 
and is the only instance offered in the iState, Two forms of furnaces 
have been used, one with a circular and the other with a trapezoidal 
section, the latter being the form in use at present 

The circular cupola is 3 feet diameter, tuyeres, 8 inches above 
hearth plate; height from tuyeres to throat, 13 feet. The so-called 
square cupola is 28 inches wide in front, 42 inches at the back and 36 
inches deep. Three tuyeres, diameter 2| inches, enter the back at a 
height of 11 inches above the hearth plate. From the tnyeres to the 
throat, the height is 11 feet. The usual pressure of the blast used is 
10 ounces. The sole of the furnace is a mixture of one volume of 
coke with two of clay. 

The shifts ran are twelve hours duration, with five men to a shift. 
Fael is coke, either from Pittsburgh or from Missoari coal, and is used 
in the proportion of one Pittsburgh coke to six of ore or residue, or 
one of Missouri coke to five of ore or residue. The ore or residne 
charges are about 150 lbs. each, and seven or eight are usually charged 
per hour. The flax is a hematite from the Iron Mountain region, 
with a composition as under : 

Verrlo oxtde_ 94.540 per cent 

Alomina 3.922 per cent. 

Uoi^eBla. ., 0.401 per cent. 

Lime 0.129 per cent. 

SUlca L182 perceot 

100.179 per cent. 

There seems to be no regular or definite amount of flux used, it 
being proportioned to the demands of the working of the furnace, as 
pointed out by the experience of the workmen. 

A twelve hour poste represents the treatment of 12,600 lbs. ore, 
and consumption of 1,800 pounds of Pittsburgh coke. A ton of ore 
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Teqnires therefore, 206 pounds fuel, and at the rate of 0.8 days labor. 

It may be mentioDed in this connection, that the treatment for 
the production of matte is largely experimental at present, eepecially 
in the direction of the form of furnace best adapted to the work. At 
the preeent writing other forms are being erected. 

The production of a twelve hoar shift is 63 pigs, or 5,080 pounds 
metal, (giving for the furnace yield of the residae 40,32 per cent), and 
1,760 pounds of first matte, besides slag. 

The slag lead shows the following composition on analysis : 

Arsenic - 0.0012S per cent. 

AnUmony _ - 0.00119 per cent. 

Silver _ „ „ 0.005«4 per cent. 

Copper ^ 0.08644 per cent 

Iron 0.00834 per cent. 

Zinc- ., 0.00458 per cent. 

NicVel „ 0.00519 per cent. 

Lead, by diflerenoe 99.89387 per cent. 

100.00000 per cent. 
The first matte is composed as under : 

Silica. iq.755 per cent. 

Alumina. „ _ 8.549 per cent. 

ZJme. - „. 11.931 per cent. 

UagneHia ,. ; 2.701 per cent 

Ferrona oxide- „ m 9.828 per cent. 

dl-FerrouB sulpblde 26.13a' 

Fertoas sulphide. 18 861 

Nickel Bulplilde--. 3.387 

Cobalt sulphide .- 1.842 BUtte 

Lead sulphide- 1.404 P^per. 

Copper sulphide - 728 

Zinc sulphide- .433. 

100.095 

The matte contains 2.196 per cent nickel, and 1.194 per cent, 
cobalt, Mingei'fi determinations gave 2,486 nickel and 1.195 cobalt, 

William C. Minger, in this laboratory, determines the slag to have 
the following rational composition, (including some mechanically 
mixed matte) : 

tjiiica.... ,. 53.436 per cent. 

Alumina, _ - 6 219 per cent 

Lime 16.046 per cent. 

Magnesia 8.633 per cent 

Pot«s8a - 0.708 per cent. 

Ferrous oxide- 0.938 per cent. 

Cobalt BDd nickel sulphides- - 793 per cent 

Zinc sulphide. - 0.4S6 per cent 

DiferrouB sulphide ^^ 13.676 per cent. 
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After dedacting the mecbanioally enclosed Balphidee, it will be 
found on caloalation, that the oxygen of the acid and bases stand to 
each other as 10 (nearly) to 4.5, and the slag is nearly a trae bi-silicate. 
The email amonot of ferrons oxide is nnacoonntable, unless the ran 
producing this slag has been made with slag from the same furnaoe 
as flnx, and with hnt little hematite. The absence of lead oxide 
among the bases is also noticeable. 

The slag is thrown aside, excepting on occasions when its presence 
is deemed necessary in the charge. 

The first matte is roasted in heaps, containing froni-fifty to seventy- 
five thonsand ponnds. The time regaired for roasting is from four to 
six weeks, and the fuel consumed is 5 cords of wood and 300 bushels 
of charcoal. The roasted matte has the annexed compoeition ; 

Nickel snlphaW.„ 0,186 

Lime sulphate 5.143 

Ferrous sulphate _ 1.S38 

Silica ; 7.804 

Alumina _ 2.221 

Nickel sulphide _ 6.6S1 

Cobalt Bulphide _ 3390 

Cuprous sulphide...-. '. » ^ 1.906 

DlfeiTous sulphide 81.0J1 

Tetrft-ferrous sulphide 1.164 

Ferric oxide..... 89.877 



The roasted product is passed to a second smelting in a cupola 
furnace, giving a concentrated matte and slag- The second or con- 
centrated matte has been analyzed with the following result; 

Nickel sulphide- « 8.310 per cent. 

Cobalt sulphide 3.424 per cent. 

Caproua sulphide 371 per cent. 

Zinc sulphide .*. - - .930 per cent, 

Tetra-ferrous sulphide - 20.it6I per cent. 

DiferrouB sulphide- 57.069 per cent. 

SUica 884percent_ 

Lime 4.653 percent. 

Alumina 2.669 per cent. 

Uagnesia 776 per oenL 

100.337 percent. 

It contains 5.336 per cent, nickel, and 2.220 per cent, cobalt With 
this matte there is a further treatment, consisting in two roastings 
and a cupola smelting, which yields, finally, a concentrated matte, 
which is claimed to yield from 10 to 18 per cent, nickel and cobalt^ 
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and vbich'iB passed to market. The flux nsed is a silicions [imeetone 
and some hematite. 

The farther aeparatioD of the nickel componods and the prodao- 
tion of commercial nickel is carried on at Oamden, New Jersey, and 
at some Enropean localities, among which may be named Birming- 
ham, England. . The processes are complicated and usnally kept 
secret. They have no special interest in this connection, since they 
form no part of the industry of Missoari. 

The following will exhibit the work of the furnace at Mine la 
Motte for six weeks (ending as below) in the year 18T5 : 

Date. Mineral delivered Figs produced Matte 

tofuraaoes — lbs. (Sulbe. each.) produced— lbs> 

November 20 -216,071 1,750 18,000 

November 37 108,214 1,497 10,000 

December 4 180,350 1,266 18,000 

December 11 162,600 1,302 8,000 

December 13 „ 225,898 1,824 16,000 

191,963 1,671 16,000 



Each one thoasand of mineral is really 1120 pounds, or a *' miner's 
thousand." The matte is all first run — not concentrated. 

^In the same period, the following number of cars of vein-matter 
were crushed, producing the accompanying weights of clean or 
dressed mineral : 

Date. No. cars Clean mineral 

crushed. produced — lbs. 

November 30 229 77,492 

November 27 187 220,008 

December * SI7 158,800 

December 11 212 76,228 

December 18 207 237,186 

December 25. ~ 162 282,360 

The cars for transporting the ore from the mines to the dressing 
works, carry from two to five tons, and are moved by gravity. 

The capacity of the reduction works is not adequate to the hand- 
ling of the ore produced by the mines, the latter accumulating rapidly. 
The metallurgical processes and apparatus are hardly settled upon, 
the work being, as before stated, largely experimental. 
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CHAPTER III. 

ECONOMICAL CONSIDERATIONS OF THE LEAD EXTRAC- 
TION METHODS. 

The difllcalty of reaching correct conclusions respecting the eco- 
nomics of metallnrgical operationB, where work is condacted empiri- 
cally more than in accordance with technical principles, is almost 
nnsnrraonntable. At the best, only approximations can be made; 
And for these, even, many of the data are necessarily derived from 
flonrces which are not and cannot be positive, since they are often 
merely loose estimates based on judgment or prejudice, and uncon- 
trolled by strict bnsiness system. Where the disposition to impart 
information exists, (and the writer would here state that in nearly all 
«ases, in this State, he has found a most commendable willingness to 
fnrnish information cencerning the operation of lead farnaces, which 
he fully appreciates, and for which he returns his sincere thanks,) 
there is not always the ability to fnrnish it In the detail which is 
necessary to reach even close approximations. 

It is a matter of serious question whether the economical condi- 
tions of lead smelting in Missouri have ever been examined to the 
extent which the importance of the subject warrants. Abundant 
'distribution of ores of great pnrity and of high grade, simplifies in this 
State, what is otherwise a complex metallnrgical problem; cheap 
and abundant fuel and labor — the latter, not infrequently, far from 
being skilled, but still regarded as adequate to the mechanical opera- 
tions of a reverberatory or a hearth furnace — leave abundant margin 
for profit, engendering the belief that the best possible is being done 
with the business, and preventing a consideration of those sources of 
possible wastage, which, if examined, might lead to improvement and 
thence to increased financial remuneration. 

In attempting the following analysis of the surroundings of lead 
smelting in Missouri, and the comparison of these with those obtained 
-elsewhere, we are met at the outset with the difficulty that no one 
establishment has furnished full particulars. Hence we have been 
forced to consider no one furnace, but to average, as it were, the 
details and results of all those of which we have been able to gather 
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any particnlars, and which we have detailed in oar illaatration given 
in the preceding section. The conclusiona reached are, therefore, nob 
those for any special establishment, bat they may be of some valne 
in relation to the general aspects of lead business, thongh even for 
this they cannot be positive. It will, therefore, be nnderstood that 
they are not pnt forward as absolntely correct, but only as sach close 
approximations as could be made from the data procurable. ' 

It is proposed to examine into value of the reverberatory method 
as practiced— disregarding the few examples of the Flintshire now in 
use — in comparison with those of other localities; to compare in the 
same manner the resnlts of the hearth smeltings among themselves, 
and finally to inquire which of the two methods does give or can be 
made to give the best results with the present economical surronnd- 
ings in Missouri. 

Ebvsbbbratorx Methods. — ^The illustrations of the reverberatory 
method which have been given are collected in the following table, 
in which are given the size; the weight of the charge in pounds; 
time in hours required for the elaboration of the charge and the fuel 
consumed for the same. From the latter have been calculated the 
fuel and labor required to a ton (of 2,000 pounds) of ore, together 
with the mean results of the twelve instances given : 

Setapitulalion of Reaalt» wiih RtBtrberatory Method in MUtouri Fumaeta. 



NAMB9. 




1- 


1 


8 
8 
12 
12 
24 
12 
8 
24 
24 


t 

0.8 
0.4? 
0.76 
0.63 
126 


it 


1 










1.20 
066 

0.84 
0.84 
1.66 




a. Dade eonnty. 






1,200 
1,800 
1,600 


8.32 




34 


9.16 

10 






2.00 






4.00 


6. Buffelo 






1,600 


2.00 




28.5 
62.6 

82 
42 
27 


14 
12 
18 
9 
20 
15 


1,500 

1,800 
1,600 










1.18 
76 


1.26 
1.00 














2,000 

1,600 


S 
12 


0.76 
150 


0.75 
2.00 




12. Granby. _ 


2.00 


M«in _ 










...1.13 


2.5? 



82 LEAD FURHAC£S AND FBODDCTS. 

Sise andWeight of Charge. — ^Tbemean area of the hearths of rever- 
beratories in the above list is 35.66 square feet ; oa this hearth is 
charged an average weight of about eixteen handred pounds of ore, 
which as far as can be ascertained, has an assay value of 78 pet cent, 
metallic lead. The lead furnace > (Flintshire) at Bagilt, near Holy- 
well, Flintshire, from the dimensions given by Percy,* has a hearth 
area of 90.25 square feet^ and is charged with 2,352 pounds of ore (with 
draughtage calcnlftted to cover the moisture of the ore,) with an 
assay value of from 75 to 80 per cent, lead (say 77.5.) A furnace of 
similar style, cited by Rivot,| has a hearth area of 86.5 sq. feet with a 
charge of one ton (2,240 pounds) of 78 per cent. ore. The Bleiberg 
farnace, which approaches more closely the ordinary air farnace in 
use in this State, both as respects size, and in regard to the method 
of work, has. according to Rivot,t a hearth area of 54.5 square feet, 
with a charge of 456 pounds, yielding, by fire as3ay,65 to 72 per cent, 
metallic lead (say, 68.5.) 

The fire boxes of the several furnaces named above are as follows : 

UlBBouri Bererberatories 18.37 sqiiare feet. 

FIlDtehire at Bagilt _ S8.25 square feet. 

Flintshire (by Rivet] 9.79 square feet. 

Bleiberg.. ~ ~ 6.81 square feet. 

From which the following proportions between the areas of the 
fire bos aud hearth are established: 

MlBBouri ~ l;2.6 

Flintshire ...-1:8. 

Flintshire J : ....-1:9. 

Bleiberg 1:8. 

J^uel consumption: In the treatment of one ton of ore the Mis- 
Boari air furnaces consume on an average 1.13 cords of wood. A cord 
of oak wood of the mixed varieties delivered to the farnaces and as 
jusnally piled, weighs about 3,800 pounds. In smelting one ton of ore 
there are, therefore, required very nearly 4,300 pounds of wood. The 
two examples of the English furnaces that we have selected require, 
respectively, 1,333 and 1,050 pounds of good quality coal for the ton 
(of 2,000 lbs.) of ore put in treatment. Karsten estimates that, in 
reverberatory effect, one part by weight of coal is equal to 2.6 parts 
by weight of good wood (probably too low an estimate for a compari- 
son between the good quality English coal and the imperfectly sea- 

■Metallurgy of Lead. pp. 322, el teg. 
fTraite dt Melallurgie, II., pp. 319, tt aeq. 
tliid, pp. 289, et aeq. 



IbyCoOglC 



LEAD FUBNACES AND PBODUCTa 88 

soned mixed woods fnrnished the farnaces in Missouri), on which 
basis the weights of coal named will be eqnal to 3,466 and 2,730 
pounds of wood respectively. The Bleiberg furnace consumed 32,000 
pounds of well seasoned Gr-wood.* 

In so far as the oonsnmption of fael to a Kiven weight of ore 
treated is concerned, better results are obtained with the foreign 
furnaces than with those worked here, and in those furnaces, it will 
be remembered, the hearth areas are about eight times greater than 
the fire box areas. The yield of lead will also influence these resnlts. 

Labor: The table gives as a mean amount of labor required for 
the treatment of one ton of ore in the Missouri air furnaces, 2.57 days 
— skilled and ordinary labor both included. The two Flintshire fur- 
naces require of all kinds of labor, and for the ton' of ore, 1.3S days, 
while the Bleiberg necessitates 3.98 days, this latter being increased 
by the fact that the residues' are also worked np in the same furnace, 
and their treatment is included in the cost of the ore smelting. 

The farnaces are, therefore, more expensive in labor, demanding 
nearly twice as much of this item of cost as the large English fur- 
naces, though no,t so much as the Oarintbian, in which the whole , 
method of treatment is shaped rather to economy of fuel than saving 
of labor. The Flintshire furnaces look rather to economy in expen- 
diture of labor than to eaving in cost of fuel. To be in strict accord 
with the conditions sarronnding metallurgical industry in this State, 
expenditure of fuel should be subordinated to expenditure of labor. 
. Furnace yield of ore: The average of the -ore put in treatment 
and handled in the manner we have described, cannot have a farnace 
yield greater than 63 per cent, though this point is difficnlt to reach 
with much precision. One ton of ore would yield 1,260 pounds of 
metal against ],560 ponnds determined by assay to exist in it. The 
amount obtained is then about 80 per cent, of the assay value of the 
ore. A charge of 21 cwte. of good Flintshire ore yields about 14^ cwt. 
of lead, of which 91 per cenL is obtained directly from the ore, and 9 
per cent, from slag, etc., according to Percy, or 1,381 pounds to the 
nett ton, equivalent to 62.81 per cent, yield from the ore. The treat- 
ment therefore recovers 81.6 per cent of the lead, which fire assay 
shows to exist in the ore. The example given by Rivot, shows a 
recovery in the reverberatory of 80 per cent, of the lead existing in 
the ore, while the Bleiberg furnaces give a 60 per cent result, corres- 
ponding to 87.6 of the assay value of the ore. 

The loss in treatment, from all sources, in the several practices of 
reverberatory smelting named are 20, 18.4, 20 and 12.4 per cent, respec- 

*The results are obtained from the several aothorities mentimed, calcnUtloBa 
being made to reduce to the ton of 3,000 Iba. 

[g.i.cd., Google 
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tively, of the amonnt of lead which fire aBsay shows to exist in the 
several lots ot mineral pot in treatment. The Bleiberg practice in- 
olndes a residae treatment in the same furnace by the same yorkmeu 
and is therefore much less than the other, and is hardly comparable. 
The others it will be seen differ but slightly among themselve, and 
may be, for all practical purposes, regarded as the same for both the 
.ordinary Missonri air-fnrnace and the Flintshire furnaces. 

The examples of English smelting show that the per centage of 
residae yielded by a charge of ore, range between 11| and 25, with a 
mean of 17.3, and that the assay valnes of those so-called slags are 
between 40 per cent, and 55^ per cent, with a mean of 51 per cent, as 
determined by crnoible assay. The mean composition of the twelve 
samples of residae, the results of the analyses of which have been 
given, on preceding pages, so far as the lead compounde are con- 
cerned, is as follows : 

Lead sulphide...; ■ » 29.42 per cent. 

Lead sulphate ....~ 2 89 per cent 

Lead oxide - 39.74 per cent. 

MetaLllc lead- - 66.88 

These estimations having been made in the hamid way are highe r 
by about five per cent, than results which would have been reached 
by the most carefully conducted dry assays. The mean amount of 
lead in oar slags, therefore, does not differ greatly from the average 
metallic content of the residae from the Euglish reverberatories. 
Hence it may safely be assumed that the amount of residue drawn from 
the charge of our air-furnaces is about the same as that drawn from 
Flintshire, namely, about seventeen per cent, of the weight intro- 
duced. 

These figures show that of the total lead value of our ores, 80 per 
cent, is recovered in thereverboratory furnance, 11.25 per cent, passes 
into the residue, from which, at those cases where slag-lead smelting 
practiced it is partly recovered as slag lead, and 8.75 per cent is lost, 
chiefly in fume and in furnace bottoms. 

So far then, in the common Missouri reverberatory practice, the 
results are equal to the best English examples, but they are not at- 
tained with the same regard to economy in labor and fuel. The dif> 
ference in these important points must be looked for either in the 
form of the apparatus used for treatment, or in the capacity of the 
workmen, for these can be the only variables in the treatment of simi* 
lar ores in different furnaces and with workmen of diflerent energies.* 

* This point la well lllnatrated byUoleenet. Trailment dt ia Oaltnt av fmir QaU 

loU, Ann. de> mines, Tome 1, 1860. 
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Bepresenting the weight of a charge in ponnda by c, the Dumber of 
honrs reqaired for its elaboration by i, and the weight of ore treated 
in twelve hours, that ia to say the activity of the furnace, by w, then 
w=~12 ^, and the following valoes will be obtained for te in the sev- 
eral farnaces we have been comparing: 

Value WetKht treated per 

of u>. man per 12 houre. 

English 8785 1897 

MLfisouri 1800 900 



The smelter at the English farnaces treats, therefore, in a given 
time, more than twice as moch ore as the American and eight times as 
mnch as the German smelter. All this difference cannot be accounted 
for reasonably by the difference of energy of the workmen at the 
different localities, but must be looked for evidently in the coostrnc- 
tion of the furnaces. 

Examining the proportions existing between the hearth and fire- 
box areas of the different furnaces which have been put in compari- 
sou, it will be seen that our aipfumaces have much less hearth sur- 
face in proportion to the surface of the horizontal section of the com- 
bustion chamber than any of the others. A remedy for the apparent 
difference between the working effects of the English and American 
smelter may be found in an increase of the size of the hearth till the 
ratio between the two areas approaches more closely that obtaining 
in the cases of the foreign furnaces, whereby the charge could be 
either ircreased in weight, or this remaining constant, a thiner 
layer would be spread over the sole. The effect of this would be more 
thorough oxidation and a shortening of this period as well as that of the 
reaction proper, by which the charge would be as thoroughly worked 
off in a shorter time, and the furnace activity be thereby increased. 
This view, though hypothetical, would seem to be warranted by those 
experiences cited elsewhere, and may therefore be worthy of atten- 
tion from those who may appreciate the importance of decreasing the 
expenditure for labor required for the production of lead. It is also 
strengthened by what is shown in the composition of the residues, 
these latter showing an average of 29.42 per cent, of lead sulphide or 
unchanged ore, and only 2.89 per cent of lead sulphate, showing that 
oxidation has not been thorough, owing, possibly, to a too highly 
heated heartli and a consequent partial fusion of the ore. With such 
conditions rapid elaboration of a charge is impossible. Tookey's 
results* show for the residues or gray slag from the Flintshire furnace 
* Pen^, loe. cit., page 385. 
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0.9 per cent, sulphide, and 9.85 of lead sulphate. It may be added 
. that in these residoes nearly all the silica was found to exist ia combi- 
nation as a silicate decomposable by acid with the separation of gelat* 
inoQS silica. It is most probably in union with lead oxide, aconditioo 
which vonld imply considerable actioa of the charge oa the farnace 
lining, also aresnlt of the too elevated temperature of the hearth, 
for the average ores are hardly silicions enough to account for this 
silicate of lead. 

There beinK so maay other items entering ioto the total expenses 
of farnace operations, it is deemed iaadvisable to attempt, with the 
data at hand, a summing up of the cost of treatment. The amounts 
of the two chief items, labor and fuel, have been indicated and will 
be found to be very close to the condition realized at the Missouri 
furnaces. The items of wear an^ tear and interest are exceedingly 
variable, and besides could not be reached with even approximate 
accuracy. 

Hearth MetJioda — Two classes of ore hearths are in use;. those 
with a single tuyere, and those larger and with three tuyeres, or, as 
we have distinguished them, the older and the newer patterns. 

The accompanying statement of the. results of the illustration 
of hearth methods includes the (calculated) amounts of labor and 
fnel expended in the treatment of one ton of ore (2,000 pounds). In 
the case of the Valle hearths the fuel includes the estimated charcoal 
corresponding to one-twentieth of a cord of wood. 

RECAPITULATION OF RESULT WITH HEARTH METHODS 



Name. 


No. Tay. 


Charge- 
pounds. 


Lfthor— 
days. 


Charcoal 
per charge 
—bushels. 


Labor per 
to a— day B 


Charcoal 

bushels. 


b 


3 


3000 
3000 
3200 
2000 
2731 
8000 
3500 


3 
3 

3.5 
3 
8 
3 
3 


9.2 

16.0 

8.3 

? 

10.0 
9.3 


2.0 
20 
1.58 
3.0 
2.2 
2.0 
1.7 


















s 


Perry 

VaUe - 


s.oe 



Comparing together the results of the old and new forms it will 
be seen that the former consumes 5.84 bushels of charcoal per ton, 
while the latter requires 7.44 bushels. But this increased consump- 
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tion of charcoal which the three tuyere farnacea show , and which 
would be naturally expected, is ofiset by the dimiDished amoaat of 
labor, the new form reqniringl.85 dayslabor, against 2.22 days labor 
in the treatment of one ton ore in the hearth with the single tuyere. 
The items of fuel do not include any consumed for the blowing 
engines. 

There are few data extant for comparing the results above girea 
for tbe single tuyere American hearth, with those at any other local- 
ity in this country. The works on metallurgy contain statements of 
the cost of hearth treatment at Hossie, N. Y., which show a fuel con- 
sumption of 0.2 cord of wood per ton of ore, corresponding to a some- 
what greater number of bushels of charcoal than that given above. 

The figures we have collected show a mean yield of tbe ore in all 
the hearths of about 67 per cent, of the ore put in treatment, which 
has probably an assay value of 78 per cent. The amount of lead 
eaved is 86 per cent, of the assay value. The MinelaMotte results 
£ive for the yeld of residue 13.5 per -cent, of the ore treated, or 270 
pounds weight per ton of ore. The average composition of these resi- 
dnes we find to be as follows: 

Iiead BQlptaide 23.89 percent. 

Jjead sulphate '. - 1.B3 per cent. 

I^ead oxide :.. „ 2S.60 percent. 

Total TMetallie lead 48.8 

The total lead is the result of determinations, all made by hnmid 
methods, and are at least five per cent, excessive over the resaUs by 
fire assays, eo that the assay value of the residnes would be, say, 45 
, per cent. The slags from a ton of ore would contain 121.5 lbs. of lead, 
equivalent to nearly eight per cent of the total lead shown by assay 
to exist in the ore. This is partly recovered in those cases whereslag 
treatment is resorted to. The loss from all other sources — (fume, 
dross, etc.,) is therefore four per cent, of the total content of metallic 
lead. 

Comparing these results with those calculated for the existing ' 
reverberatories of the State, it is evident that, as far as the mere ope- 
rations are concerned, the hearth is somewhat' less expensive both in 
labor and in fuel than the reverberatory. Taking the cost of these 
items at $2.75 per day for the labor, $'i per cord for wood, and 12 cents 
per bushel for charcoal, the costs per ton for ore treated, will be : 

Labor. Fuel. Total 

irteverberatory. i $6.97 $3,26 - $9.23 

Hearth ... 5.68 - 62 - 6.20 

But it must be remembered that the hearth method entails addi- 

Lgl_,.J., Google 
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tional expenses for labor and fael for tbe blast, wbich may be rougfalj 
estimated at a total of $L80 per ton of ore, wbich will increase the 
cost of treatment to $3. Farther, the much more expensive charac- 
ter of the plant of the hearth, above that required for the reverbera- 
tOTj) will increase the aggregate by the greater item of interest. On 
the other hand, the wear and tear is less in the hearth, and the yield 
is greater. 

la spite of these offsets, there is very little difference in cost of 
treatment or production now obtaining, and if improvements were 
made in the dimensions of the reverberatories, the advantages wonld 
be decidedly in favor of this method of treatment. This view is con- 
firmatory of that taken by Dr. Percy (in criticising the comparative 
results in treating similar ore in the reverberatory and the ore hearth 
at the Greenside mines in Westmoreland, England) who states : " The 
wear and tear in ore-hearths is certainly less than in reverberatory 
fnrnaces ; bot probably insufficient to cover the considerable balance 
against ore-hearthsi so that we may expect to see the former displace 
the latter in all bnt few localitieB, where coal cannot be got at mod- 
erate prices." * 

While on ttii» subject, it may be interesting to call attention to 
tbe resnlts obtained by Mr. E. D. Peters fat the Mount Lincoln Works^ 
Oolorado. With a reverberatory, with a hearth 15 by 9^ feet, and 
with two and three-fourths ton of ore for a charge, the oost of treat- 
ment we find to be 1.11 days, and tbe fuel, 1.66 cords wood. It is note- 
worthy that the ore was more silicioue than calcareons, and thereforev 
of a character which, according to preconceived notions, was not 
well adapted to reverberatory treatment. 

The cost of slag treatment has been shown to be about 0.4 day . 
for the labor, 266 pounds of coke and 30 ponnds of charcoal for the- 
ton of residue treated, independently of the cost of the wages of the- 
engineer and the fuel for the engine. With the same prices for labor 
and charcoal that have been assumed, and with a cost of twentj-five 
cents per bushel for coke, the items will aggregate $3.18. 

For the ton of residues at the (English) Flintshire furnaces, Ri- 
Tot'e estimate of the special expenses are : 

Workmen 1.907 days. 

Coke. " 627 pounds. 

Coal for blowing engine 367 pounds- 

At the same rates for the first two items, the expenses will aggre- 
. gate S9.64. The labor probably includes, however, that of the engineer 

* Loc. rs«., p. 285. 

t Tranaaeiiim Am. Inst. Mining Eng., vol. 2, pp. 810. 
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and fireman. The estimated cost of the proportion of the times of 
these added to the expenses above given for the Missoori slag farnaceft 
will give a total of $4.28. 

As was stated, the system practiced in this State is an improve- 
ment over that obtaining in the north of England; the expenses in 
treatment of the residaes being scarcely half as great as those for 
the English method of work. The yield of lead is, however, greater in 
the latter than in the MisBoari, this producing about 23 per cent, l^ad 
on the average, while that gives 35 per cent. The difference in the- 
cost is lessened when assessed on the ton of slag lead produced. The 
costs are then as $18.60 to $27.68. 

This reduced cost in treatment will show that in the plan of lesi- 
dne treatment practiced in Missonri, the wastage of lead in the slag 
is more apparent than real. The value of the lead is more than com- 
pensated for in the redactions in the costs of labor and fnel, to say 
nothing of the additional expense of flux. It is probably more nearly 
in accordance with the conditions of oar local metallurgy than any 
of the present plans of direct treatment of the ore. 

The details we have given enable as to calculate with some- 
approximate accuracy at least the special expenses attendant upon 
the complete treatment of a ton of ore, including the residue as well 
as those necessary to the production of a ton of metal, including that 
from the residue. These will be found to be as nnder : 

Eeverberstoty treatment of one ton mineral $9 2& 

Slag treatment of 340 pounds residue 72' 

Total $9 95. 

The yield will be : 

From tbe reverberatory 1260 pounds lead. 

From Uie slag - 7S pounds lead. 

Total lead recovered -1338 pounds. 

or 66.6 per cent, of the ore, equivalent to 86.8 per cent, (nearly) of the 
assay value of the lead. The cost of one ton of lead is therefore $14.86^ 
exclusive of the general expenses of the establishment. 

The apparent loss of lead from all sources, according to these cal- 
culations, is 13.2 per cent, while the real loss, taking into account the 
actual value of ore in lead, determined by exact analytical processes,, 
cannot be less than seventeen percent, of the metal. This difference 
between the real and apparent loss is certainly all assessable on vol- 
atilization, but does not cover the full wastage from that cause. The 
attention of smelting establishments in the State should be directed 
to this loss and more adequate means he taken to provide against it. 
At present the waste is almost entirely neglected in Missouri. ■ 
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By incladiDg the cost of rflsidne treatment, we are in condition to 
make a more jnst comparieoa of the costs of treatment in the Mis- 
souri air-fornace and the Bleiberg form, which it will be remembered 
inclades a working of the slags in the same farnace. With the 
aseamed prices forlabor and fuel the aggregate of expenses for the 
Bleiberg furnace will be found to be $12.62 per ton of ore, yielding in 
the furnace 60per cent, or twelve hundred poundsof metal. The cost 
of production is, therefore, $21 per ton of resulting metal. The yield 
is 87.6 per cent of the assay value of the lead in the ore. Evidently 
the elaborate and close work of the Carinthian farnace, expending 
such an excessive amount of labor, is not adapted for profitable em- 
ployment in this State, and cannot compete with our present waste- 
ful system with existing high prices of labor, though relatively cheap 
fuel can be obtained. 

These estimates confirm the views that have been advanced 
fespecting the reverberatory system practiced in Miaaouri. It is evi- 
dent from them that all that remains to be done is to increase the 
-activity of the air-furnaces, which result can be satisfactorily reached 
«nly by increasing the size of the hearths. If the reader will refer to 
the recent reverberatory experience in Oolorado, noted in this sec- 
tion, he Will find that the labor per ton of ore is redaced to 1.11 days, 
while the fuel is only 1.66 cords, by having a hearth with 142 
square feet ares, which accommodates two and threeqoarters tons of 
■ore at a charge. Obviously a step in the right direction is being made 
by the introduction in this State of Inrnaces modeled more upon the 
type of the Flintshire or English reverberatories, which we have seen 
give such excellent results. The Granby furnaces of this pattern, the 
new furnace at the l>es Loge works, and that at the Frumet, appear to 
as, on theoretical grounds, to be a decided advance toward greater 
economy of treatment, though it is to be regretted that, through \t-ant 
of data, we have not been able to examine into this matter as thor> 
roughly as the importance of the subject demands. 

ADAPTABILITY" OF MISSOURI LEID TO CEETAIN INDUSTRIAL USES: 
The character of the ores of lead and the metallnrgical treatment 
that they receive, resnlt in the production of a metal which ezperi- 
ence has shown is well adapted to the mannfactnre of white lead. 
Lead suitable for conversion into this impoitant product is usually 
denominated "soft lead"; it must be capable of being rapidly corroded, 
that is, of befog converted into basic carbonate of lead, ander the con- 
ditions to which it is exposed in the stack, and of yielding a product 
which is of pure white color. Oommonly in the history of the white- 
lead manufacture in the eastern states, the preference has been given 
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to imported leads, more especially to those of continental Europe. 
These have generally resnlted from three fining of more impure or work 
leads, incidental to the extraction of Bilver. Tht: procesB now usually 
adopted for this latter purpose, consists ia melting the silver-bearing 
lead with metallic zinc, whereby the silver is largely alloyed with 
the zinc, from which it is separated by distillation or otherwise. The 
details of the process are not necessary in a report of this character ; 
bat they result in the production of leads of remarkable parity, which 
have been and are still, deservedly in high repute among white lead 
corroders. 

Missouri leads are not of a character to warrant any snch treat- 
ment — not being as we have seen, argentiferous. Nevertheless they 
have given excellent results on corrosions, both in respect to degree 
of oorrodibility and to character of product, and have been long used 
among white lead manufacturers in St. Louis. Since the beginning 
of the year 1875, they have also fonnd their way into eastern markets, 
coming into successful competition with well established European 
brands, and in fact, largely displacing them. This has been effected 
in the face of difficultieg arising from or encouraged by prejudice, 
and from the fact that, though the Missouri leads were generally of 
lower market rates, mannfacturers are not disposed to change the 
rontine of their process, or are fearful of destroying what may ■ have 
been recognized as a distingaishlng feature of their product 

Hecognizing the value of Missouri lead ae a. raw material for 
white lead manufacture, the writer of thissreport, a? early as May 
1875, called attention to the matter in the following introduction to a 
paper on the composition of Missouri leads : 

For the purpose of White Lead corrosion, some of the brands of 
European leads have secured a prominence, and are preferred, not- 
withstanding their relatively high prices. How far this preference is 
justified by the inherent qualities of the lead, evidenced in the results 
of corrosion obtained, or bow far it may be the result of a prejudicei 
' perhaps, created and fostered by trade manipulations, are questions 
difficult of settlement The imported and prized leads are generally 
the products of refining processes to which the Missouri metal cannot 
be economically submiUOd because unwarranted by a sufficient 
amount of silver. On the other hand, the established purity of the 
ores of the lead districts of Missouri should admit of the production 
of a metal which by a simple process of so-called refining and im- 
proving, orratber softening, ought to approximate at least to the 
purity of the much prized imported brands. The circulation, there- 
fore, of correct knowledge of the composition of the pig leads pro- 
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daced from the ores of the great lead area of the MiasisBippi Valley 
regioDB mast be of value if they should be able to show that mnch of 
the prejudice aKaioBt the domestic and la favor,of the foreign lead, is 
ill-founded or is based only (as may be the case with white lead 
mannfactnreB) on traditioaal results of corrosions obtained. On this 
point a recent writer on the metallnrgy of lead* gives the following : 
"The best white lead, i. e., the whitest, was supposed b; many to be 
made from what is known in the market as 'W. B. selected and re- 
fined pig lead,' (the initials being those of Walter Blackett, the pro- 
ducer, and DOW applying equally to the name of Ms successor, Weat- 
worth Beaumont.) This pig lead is the produce of certain mines on 
the Greenwich Hospital estate, in the north of England, which are 
leased to Ur. Beaumont, It fetched a higher price to the amount of 
from 5 p. c. to 7^ p. c. than any other pig lead. So great was the 
prepossession in favor of this pig lead for the manufacture of white 
lead, that attempts to persuade London mannfactniers to make a tria) 
of the best and purest soft lead from other sources were fruitless, 
notwithstanding it was offered at about 30 b. per too, i. e., 7^ p. c. less 
than W. B. lead. Commercial competition, however, seems at length 
to be uprooting prejudices which, as in the case in question, have 
probably no better foundation than traditional credulity. It is to be 
hoped that now-a-days the world is growing wiser, and will jndge an 
article of manufacture by its quality and not by its pedigree. Many 
illusions connected with articles of manufacture have been dispelled, 
in recent years, with mucji gain to the public, and possibly it will be 
found that plenty of lead ie produced in Great Britain and elsewhere, 
qnite as snitable for conversion into white lead as that bearing the 
mark 'W. R selected and refined.'" 

Since the analytical results which were Introduced by these re- 
marks were made public, the prejudice against our leads has disappeared 
very rapidly before a knowledge of their composition ; but it may not 
be out of place in a report of this character to go further into a cod- 
sideration of this important subject. 

Of the foreign metals present, copper, iron and nickel forming 
colored compounds may be regarded as those which may most 
seriously impair the color of the white lead. But it cannot be ad- 
mitted that the minnte amounts of these metals which are present in 
any softlead, or in any lead which wonld be selected by an experienced 
corroder, would be powerful enough to affect color to the unlimited ex- 
tent which has been claimed for them. Their potency is greatly over- 
rated in this respect. In fact the whole matter of impaired color of 

* Perey'a Metallurgy, p. 608. 
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corrison is ooe which is by do meaos settled. The rose tint frequently 
noticed was ascribed to copper oxide, and to iron oxide, bat in 1869, 
W. Baker claimed that it shoald be ascribed to silver, which, if present 
to the extent of 1-13 of an ounce to the centner of the corroded lead, 
wonld tint the whole prodact of white lead."*" Bannow and Krkmerf 
ascribe the same coloring to the presence c^ lead anboxide formed by 
imperfect ventilation of the stack during the corrosion period. Lor- 
ficheid,]: to the same compound existing through iasafficient carbonic 
acid in the stack. 

The annexed table includes all the results of the analyses which 
have been given on the preceding pages, together with results of 
analytical investigations into the composition of some other American 
leads and a few produced at foreign establishments. The latter are 
all well known and favorite brands. The leads from Missouri furnaces, 
it will be seen, are of average purity with those others that are given. 
They contain no bismuth, but have the other foreign matters present 
in no greater amounts than the favorite brands. 



* P&it. Magazint, Hay 1869, p. 324. 
t Jahresbericht fJr Technologie, 1872. 
t Ibid. 1873. 
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TASbE shotoing the (hmpoaition of Commereial Leads produced in Mittouri, 
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It ie Dot nnreaBOQable to believe that the CEtase aBBigDed by Messrs. 
Bannov and Kiamer, or something analagous to it, is adeqaate to 
accODDt for the impaired quality — maoh more so than are the minnte 
■qnaatltiee of the foreign metals — and that most cases of tinted cor- 
rosions made from soft leada may be referred to internal conditions of 
the white lead stacks. If this view be correct, then much of the virtne 
claimed for extraordinary freedom from impurities disappears so far 
as the color of the white lead is concerned, or if still existant, finds its 
canseof existence in trade prejudices ormanipalatious, which deterred 
manufactnrere from changing to any lead which diflered, however 
-slightly, in composition from that which they had been accnstomed to 
employ. 

The maximum amount of these coloring metals which may exist 
in a lead without impairing the quality of the white lead made there- 
from, has not been fixed, but any lead, which would yield a product 
'Colored, say, greenish from copper compounds, would not be a soft or 
corroding lead. Doubtless this limit is passed in the slag leads of 
Missouri, (mean amount of copper, ,06944 per cent.), but it is not 
reached in the reverberatory leads from southwestern and central 
ores, (with .01329 per cent, copper) for many of these have been prac* 
tically tried, and besides their mean amount of copper is not much 
greater than the mean result of six leads analyzed by Fresenias 
(with .01046 copper) all of which are recognized and em ployed as soft 
corrodable leads. If the one gives an uncolored product, then the 
other set may reasonably be expected to give the same under similar 
conditions of corrosion. 

The result of analysis of the lead of the St. Louis Smelting and 
Hefining Company prepared in refining the work, lead from territorial 
ores, shows upwards of 0.02 of copper, and this lead has given most 
satisfactory results with both St. Louis and eastern corroders. 

Instances of practical experiences such as these, must carry con- 
viction that either these small per centage of certain metals do not 
work with prejadice to the color of the white lead, or that preposses- 
sion in favor of certain brands of lead has been created and sustained 
by commercial operations, and are not warranted by sufficient dif- 
ferences in composition. 

Differences in favor of or against a brand of lead, when such 
small amounts are taken into consideration, may readily arise from 
errors inherent even in the most carefully conducted analytical 
investigations into their composition, or from variations in drawing 
samples for analysis. On this last point Schweitzer* found in the 

*Ameriean ChemUt, Juoje, 1878 ; p. 457. 
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eame pig of lead, by capelling, seventeen samples firom different parts, 
amoants of silver ranging between 79.83 ounces to the ton and 104.93 
onnces. 

The other foreign metals may affect the corrodibility of the lead 
bnt on this score the knowledge vith regard to the small amonnts 
existing in soft leads is bnt little more extended or certain than in 
respect to the coloring power of the metals already named. Much 
that has been ascribed to diffi^rence in composition of the leads 
corroded is, withont doubt, to be traced really to conditions of tem- 
perature and of the atmosphere in the stacks. These are matters 
upon which there is little if any information. It is within the expe- 
rience of every mannfactarer that differences in the percentage of 
metal corroded are as great for the same metal in different or even in 
the same stack as for different leads in separate corrosion heaps. Till 
more knowledge is obtained in regard to the thermal conditions of cor- 
rosions and the composition of the atmospheres of the stacks, this 
point mast remain in obscurity, or be — unphilosophically it would 
seem — charged to minute variations in the amounts of a given foreign 
metal in the lead. 

Antimony is generally regarded as prejudicial and bismuth favor- 
able to rapid and thorough corrosion. The latter is rapidly oxidized 
if intimately mixed with the lead, but if concentrated in parts of the 
buckles (as may happen in casting) it oxidizes slowly itself, and pre- 
vents or retards further corrosion of the lead.* The presence of bis- 
muth (0.03559 per cent.) in the lead of the St. Louis Smelting and 
Kefining Oompauy may account for the favor with which this lead has 
been received, and also for the prejudice in favor of certain European 
brands. 

On the other hand, the extended and carefully conducted experi- 
ments of Hampe with Hartz and other brands of lead of recognized 
purity, and with prepared alloys of bismuth and lead, simultaneously 
corroded at the Hartz Lead Workd at Oaterode, do not support this view 
of this action of bismuth. Neither do they substantiate the opinion 
generally advanced that the bismuth compounds impart a tinge of 
gray to the white lead, which, tbongb disappearing on grinding and 
levigation, nevertheless, cause the white lead to turn yellow in the 
dark.t 

Some diversity of opinion exists concerning the action of anti- 

* £ndeman on Biimuth in lead in the Manufacture of While Lead. American 
Chemist, June, 1876. 

t A tr&DSlatloD of Hamp«'s paper (by Prime) can be foand in American Chemfst, 
June, 1875. 
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mony. This metal is generally regarded as retarding corrosion in 
white lead stacks. Hasenclever f shows that it has each effect in the 
lead pans nsed for evaporating salpharic acid. The rapid wear of 
SQoh pans is dae to the greater pority of the metallic lead ; antimo- 
nial.lead lasts mnoh longer. On the other hand, common experience 
with metallic constrnctions shows that small amounts of foreign met- 
als hasten oxidation. 

On the whole, the subject of the conversion of lead into white 
lead by the so-called Datoh method is'botlittle understood, and many 
so-called explanations of unsatisfactory results are the vagnest 
hypotheses. The experiences of eastern corroders have been fully as 
satisfactory with the Missouri soft leads as, with European leads 
longer in use. 

Manufacturers generally hold that the residual blue lead, or ker- 
nels remaining unoorroded, contain the foreign metals of the lead in 
increased amount. This reputed concentration has not been estab- 
lished, and the matter is one not easily settled. Hampe writes con- 
earning this: "Finally, with regard to the frequently imputed en- 
richment of the foreign metals in the metallic residue (the so-called 
lead kernels) obtained in the preparation of white lead, it is impossi- 
ble to give a definite answer to this from the following analyses. It 
must, however, be borne in mind that such pure leads are not well 
adapted to settle this question, since the differences are so small that 
it is impossible to say whether they are essential, or whether they are 
due to the uncertainty caused by the taking of samples for analysis 
from the residues. An enrichment of the bismuth in the finely 
divided lead was fonnd only in the bismnth alloys after separating 
the residues from the white lead by washing." 

The result of onr analysis of a sample of unwashed white lead 
manufactured in St Louis is given below, (II), as well as the compo- 
sition of the lead from which it was corroded, (I), and of the blue 
lead or kernel separated from the same (UI). The foreign metals 
only are given. 

MUtouri Lead and Products. 

I. IL II[. 

AraeDlc ..— 0.00019 None. 0.00217 

Antimony - 0.00198 0.00076 0.00158 

SUver. 0.00045 0.00084 0.00050 

Copper 0.00479 0.00926 0.01381 

Iron - 0.09020 0.00085 0.00315 

Zinc - 000148 00003S 0.00770 

Nickel 0.00O47 0.00007 0.00065 

t Berg and Huettenmann. Zeitung, Nov. SO, 1872 ; quoted by Uampe (as above.) 
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Some of the reealts obtained b; Hampe in the experiments above 
alladfld to, are appended for comparison. 

LAtrrsNTHiL Fboddcts (Htunpe.) 



Bismuth... 



Oopper. 

Airtimoay._... 

SUver. 

Iron.. 

Zinc _ 

Cadmium > ... 
Nickel-..../.., 



AnUmonf... 

Silver. 

Iron 

Zioc 



Bismuth....... 

Oopper 

Cadmium 

A.Dtimoii7..... 
Silver. 

Zinc 



0.000954 


0.000431 


0.001149 


0.001131 


0.000903 


0.001S34 


O.000G00 


0.000600 


not est. 


0.004930 


0.000728 


trace. 


O.O0OS61 


0.000128 


1 


trace. 


trace. 


^trace. 


rrs (Hampe.) 






0.0012 


O.000566 


0.000938 


ti-ace. 


trace. 


trace. 


0.0004S 


0.000360 


O.O00GOO 


0.00131 


0.000444 


aooisss 


0.000166 


0.000130 


0.000166 


0.00120 


0.000903 


0.000860 



Mkchxbkich Products (Hampe.) 



0.00051 


0.000408 


0.000411 


0.00037 


0.000200 


0.00O4IS0 


0.00320 


0,002218 


0.00810 


0,00083 


o.ooosoo 


0.00038 


0.00075 


0.000937 


O.D00634 



0.00052 



0.0( 



Whitk ZiKAD Manofacturb in Si. Louis. — The censns of 1S70 makes 
no mention of this industry in St. Louis, thongh the business had then 
attained such magnitude that the value of the product is estimated by 
Mr. Cobb to have exceeded one and three-quarter millions of dollars. 
In 1875 the producUoa was, according to the best estimates, 11,S00 
tons, an increase of about ten per cent, over that of 1874, According 
to the reports of the St. Louis Exchange, the white lead industry in 
1675 had the following status in St. Lonis: 





6 






Value of pr»»diict 


3,29a,B00 



Litharge and red lead or minium (oxides of lead) are incidental 
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products of the white lead eetablishmeDtB. They find consamptioa in 
a nnmber of indastrial operations, notably in the masnfacta re of glass 
and in connection with the painter's trade. 

For glass-making purposes, the lead oxides mnst be as free as possi- 
ble from those foreign oxides which hare coloring properties, especially 
oxide of copper. In the English markets the red-lead from Snailbeacfa 
metal finds preference among glass-makers, and brings, by five per 
c'ent, a higher price in the market. It contains from 0.0021 to 0.0065 
of copper, the mean of five resnlts by Percy, being 0.00192 per cent. 
No nickel or cobalt were detected, thoagh especially sought after. 

The following determination of the amonots of .foreign metals in 
a sample produced in St. Lonis, from Missonri lead, will be of interest 
in this connection as well as of value aa collateral testimony bearing 
on the questions of the amount and effects of the impurities in Mis- 
aouri soft leads : 

Foreign Mttah in Red Lead from JfittouH Metal. 

Per cent. 

Iron 0.1064O 

'zinc .0.0M6O 

Ooppw -..— _ 0.00207 

AnOmony. „ 0.00920 

besides traces (in one^hnndred grammes) of arsenic and cadmium. 

The growing favor that Missouri soft lead is finding among the 
corroders of the eastern cities is shown by the fact of the increase 
of shipments of lead eastward daring the last three years. In 1873 
the shipments exceeded those of 1872 by 153,178 pigs ; 1874 showed an 
increase in the same direction over 1873 of 2,493 pigs, while the 
amount of 1875 exceeded that of 1874 by 102,135 pigs. 

Zead for Mechanical purposes : Mr. Henry Oobb* estimates thai 
from 1858 to 1873, the St Louis shot tower, prodnced $9,000,000 worth 
of its product, with an annual productioa of nearly $600,000. 

According to the same writer, there are two establishments for 
pipe and sheet lead in St Louis, yielding products with an annual 
value of $200,000. 

While for mechanical purposes, such extraordinary pnrity of the . 
lead ia not expected, yet, excepting for certain special alloys, (solders, 
type metal, shot,) the most satisfactory results are, of course, realized 
by leads of high grade. The .question of the corrodibility of lead pipe 
and the infiiience on health and comfort by the water it conducts, are 
intimately connected with the purity of the lead. Dr. Paul Schweitzerf 



■Appendix A— Broad bead's Beport, page 61 
fAmerlcan ChemiBt, June, 1876. 
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of the University of Missouri, found in one gallon of filtered water, 
which bad stood in lead pipe for one month — the water being rain 
water, collected ia zinc-lined tank : 

1.0T9 gnlaa metallic zinc 

0.GS7 grains metolUo Iron, 

2.603 grains metallic lead. 

0.082 giainis metallic copper. 

0.019 grains metalUo araenio. 
The pipe was evidently made from an inferior quality of lead. 

The purest soft lead obtained directly from the ores prodacea the 
sheet lead best adapted for sulphuric acid chambers, resisting corro- 
sion better, and being, therefore, more darable. The soft lead is gen- 
erally selected for sheet purposes ; hard leads are preferred by manu- 
facturers for making pipes — antimony being sometimes added. What 
grounds, beyond prejudice, are held for such practice cannot be 
giren. 
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The distribntiOD of the ores of zioc in Missonri may he regarded 
as co-exteDsive with that of the lead ores, especially in the aoath- 
westem and soatheaetem regioos. Three mineralogical species coq- 
stitate the great balk of the ores, viz : Sphalerite or blende, cala- 
mine and Stnithsonite. The ratio of the annual prodaction of these 
by the Missonri mines, may be estimated to be as follows ; Blende : 
calamine : Smithonite=100 : 138 : 130. The blende is produced chiefly 
by the mines of Jasper county, and in less amount by those of 
Newton ; the calamine ores by Newton, Dade and the southeastern 
region, in the order of abundance, while Dade county leads in Smith- 
sonite ores, followed by the Boutbeastern lead mines. 

Sphalbkitb (Glocker), commonly called blende, and by the miners 
"blackjack," is zinc sulphide, and contains by theory, 67 per cent, 
zinc and 33 per cent, sulphur. 

Its crystalline forms belong to the isometric system with a dodec- 
ahedral cleavage. Frequently itie> compact and massive; sometimes 
fibrous and radiated; occasionally in botryoidal and other imitative 
shapes. 

The colors are commonly brown, yellow and black, and occasion- 
ally green. When pure, yellow or white. Hardness from 3.5 to 4. 
Specific gravity 3.9 to 4.2. A cubic foot of solid blende, therefore 
weighs from 243 to 262 pounds. 

The sonthwestern lead mines furnish, commonly, either a coarsely 
crystalline variety, with broad cleavage faces and of either yellowish 
or bro^n color, occasionally dark and nearly black ; or a granular 
variety, frequently of an adamantine lustre, and with a light yellow or 
brown, and not infrequently a red color. 

In the central region sphalerite has not been found in sufficient 
quantities to have become a commercial article. It is there generally 
noticed, according to Schmidt,* as dark green, yellow or red crystal- 
line sped , or as agglomerations of crystals between broken chert 
*Broadbead'a repoit, page 60S. 
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(at the £nreka diggioga, Oole county }, or eartoaoda by barite (Coffin 
Springa, Morgan); eb well-developed twin-orystale, translucent and of 
an amberyellow color, in black clay (Stocket'e digging?, Morgan), and 
with galenite in contact with barite (Collins' diggings. Cooper.) 

Three varietieB of sphalerite are admitted by Dana. These are: 
(1) — The ordinary, containing little or no iron ; colers, white to yel- 
lowish brown, sometimes black; (2) — Marmatite, the ferriferons 
variety, with a dark brown to black color, and with the proportion of 
the iron sulphide to the zinc snlphide, ranging from 1 to 5 up to 1 to 
2; (3) — Przibramite, a variety carrying cadminm, always fess, how- 
ever, than five per cent in amonnt. 

The following are analyses of sphalerite from Missouri localities : 







0.609 










none 








not est. 


notesL 


not eat. 


not est. 



Oadmium tr&ce 

Copper , 0.043 

Antimony 0.002 

Bulphnr '. 31.269 

Calamine - S.e03 

Gangue 3.663 not est. 2.06 0.2B 1.41 

No. I — From Newton county, analysed in this laboratory; con- 
tained some intermixed calamine which was calculated from the 
silicic acid, (see Report A, p. 15.) II— From Jasper connty. Ill, IV 
and y analysed by Chanvenet; first, from Bellew shaft, Granby; 
second, from Porter's diggings, Joplin ; third, from Leadville. 

Blende is usoally sliver bearing. If it occurs in association with 
galenite, there is commonly more silver in the sphalerite than in the 
galena. Malagnti and Dnrochei's,* researches show that most blendes 
contain small amonnts of silver, up to 0.88 per cent., which cannot 
originate in the associated galenite. The Missouri blendes are not 
more argentiferous than are the galenas. Blendes found in gold-bear- 
ing districts, and even elsewhere) are auriferous to a greater or less 
extent. 

Calahiri; (Smithson) is hydrous zinc silicate, with the following 
theoretical composition: Silica, 25.0; zinc oxide, 67.5, (containing 
metallic zinc, 4i2); water, 7.5. 

Its common crystalline forms are hemihedral forms of the ortho- 
rhombic system. Morefrequently granular and massive; also fibrous, 
mammillated, botryoidal and stalactitic. Frequent colors, white and 
yellowish and brown; lustre, vitreous; hardness, 4.5 to 5. Specific 

* Armata dt» Mina, 1855. 
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gravity, 3.43 to 3.49, a cubic foot of the solid miaeral, therefore, weigh- 
ing from 214 to 2i.8 pounds. 

The mineral is decomposable by the mineral acids, the silicic acid 
separating as a gelatinoas mass. 

The following are the results of analyses of calamine from locali- 
ties in this State : 

I. IL m. IV. V. 







27.B1 
63.05 
1.23 
1.21 
7.10 
100.09 
5a37 


26.83 
66.37 

0.66 
trace. 

6.48 

100.31 
52.97 


28.32 
67.16 
0.61 


























8.69 
99.67 
63.96 


7,705. 

loo'-lre 

&8.2K 


Metallic Zinc 


100.918 
53.62 



I. By C. R. Winters in this laboratory ; It, III and IV, by Ohau- 
venet, (Broadhead's Keport, page 393.) All the specimens analyzed 
were of the fine-grained, sub-crystalline variety, mixed with streaks 
of the crystalline variety, and were all from shafts at Granby. V, 
from Yalle diggings, analyzed under my instruction by L. B. Grabill. 

SuiTHSONiTE ( Beudant,) chemically, is zinc carbonate, and has the 
following theoretical composition: zinc oxide, 64.S; carbonic acid, 
35.2. The zinc carbonate is generally replaced by more or less of the 
isomorphons compounds, ferrous carbonate, manganoas carbonate, 
calcic carbonate and magnesic carbonate. The pure mineral would 
contain by theory 51.6 per cent, metallic zinc. 

When crystallized its forms belong to the hexagonal system. Its 
common modes of occurrence are as earthy masses, stalactitic, crys- 
talline incrnstations, reniform or botryoidal. Color, white, often with 
a grayish or greenish tint; more commonly brownish, owingtothe 
presence of ferrio oxide resulting from the oxidation of ferrous carbo- 
nate. 

Hardness, 5 ; specific gravity, 4 to 4.45. A cubic foot will weigh 
from 260 to 276 ponnds. 

Several varieties, depending on differences in amonots of foreign 
carbonates are recognized, but the separation of the varieties is not 
very complete or definite. The following are given by Dana: (1) Con- 
taining less than four per cent, of any other carbonate and without 
copper ; (2) ferriferous, containing more than twenty per cent, of fer- 
rous carbonate (sinaeisenspatA; the capniie of Breithaupt) ; (3) man- 
ganiferouB, containing upwards of five per cent, manganous carbo- 
nate ; (4) cupriferous, (the Herrerite of Del Rio) a specimen of 
which from Abarradon, Mexico, gave Gtenth, 1.48 of cuprous carbo- 

- - ,;lc 
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nate, and 93.74 of zinc carbonate, besides manganoas, calcic and mag- 
neaic carbonates. 

The foUowitig are the resnlts of analysis of some specimens from 
Missouri : 

I. IT. m. IV. V. 







98.440 
1.040 
1,635 
0.454 
0.800 
0.261 
0.477 
nil. 
100.277 
48.618 


97.60 

1.21 

1.22 

nil. 

100 03 

60.37 


9B.0S7 
none. 
0.526 

0489 

0.002 
nil. 

99.973 


98.87 












Magnealc carbonate — 


0.861 


.70 


Alumina. 


2,678 










Metallic zinc- 


99.770 
M.01B 


100.82 



No. I, from a shaft in Dade coanty^ 12 feet below the snrface, ana- 
lyzed in this laboratory by Mr. Jas. A. Pack ; No. II, from same shaft 
at 35 feet depth, analyzed in the laboratory by A. H. Ohmann-Dames- 
nil: No. Ill, from Hardshaft diggings, Granby,by Chaavenet, (Broad- 
head's Report, 394;) No. IV, white, massive, from Taney county, by 
the writer; No. Y, from Washington coanty, Yalle mines, by the 
writer. 



Calcic carbonate- 2.330 

BEagnesIc carbonate 8 001 

Ferric oxide > ggna 

Alumina / "'^ 

Silica- 0.488 

Water.- 

Zinc sulphide- 0.607 



S9.638 


90.287 


91.557 


0.101 


2.594 


0.666 


3.343 


3.030 


2.667 


3.786 


3368 


2.318 


8.637 


1.467 


1.389 


0.600 


1.492 


trace. 
1.086 


0.961 







Metallic zinc 47.23 47.20 47.02 47.62 

yi, from Hopewell, Washington coanty ; YII, from Uine la Motte ; 

VIII, from St. Joe mines, analyzed in this laboratory by W.B. Brown; 

IX, from Granby, contains a little hydrozincite intermixed. 
Hydbozikcitb (Kenngott,) or faydron's zinc carbonate, contains: 

zinc oxide, 75.3, (metallic zinc, 60.4;) carbonic acid, 13.6; water, 11.1. 
ThoDgh noticed at a nnmber of Misaoari localities it is, so far as qaan- 
tity is concerned, of very subordinate importance as an ore of zinc. 
It is found at the Orabtree diggings (Granby) containing calamine;* 

■Scbmldt loc. eil., page S94. 
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and Qsgef notes its occnrrenoe at the Yalle mines as an incrnstatioa 
OD Smithsonite. 

This mineral is the zinc-bloom of some writers and the Marionite 
of Elderborst, who notes^ its ocoarrence in Marion connty, Arkansas. 

The following two specie^ of zinc-bearing minerals are found in 
small quantities, b<t are of no significance from a technical stand- 
point : 

Bdbatits, a hydrous zinc carbonate containing copper oxide, (zinc- 
oxide, 14.7 ; copper oxide, 29^ ; water, 9.9 : carbonic acid 16.2=^100,) is 
found as a coating on zinc ores, at the soothwestern mines, notably at 
those of Oronogo, Jasper county. 

GoBLABiTB is found in solution in the mine waters from Oronogo,. 
resulting from the oxidation of sphalerite (see Report A, page 25.) 

The following species, which at some localities are important 
sources of zinc, have not been noticed at Missouri localities : 

Zinoite (Haidinger): Zinc oxide, contains by theory, 80.26 per 
cent, metallic zinc. 

Franklinite (Berthier); Is composed of ferrous, manganons and 
zinc oxides combined with ferric and manganic oxides with from IT 
to 25 zinc oxide. It oconrs abundantly in association with the last 
named species at Stirling Hill and other localities in northern New 
Jersey. 

Williamite (Levy): Is zinc silicate with 72.9 per cent, zinc oxide 
(>=- 58.5 metallic zinc) and 27.1 per cent, silicic acid. 

GBNEBAL METALLUKGY OF ZINC. 

The fact that metallic zinc volatilizes at a temperature below that 
which is necessary to reduce zinc oxide, renders all methods for ita 
extraction necessarily those of distillation, for it must be obvious, 
that under such conditions, collections of the metal by liqnification 
or fusion is impossible. 

The reducing agent employed in practice is carbon, in the form 
of coal dnst. The products of the reduction are, therefore, mainly 
carbonic acid and zinc vapor. At a temperature slightly below that 
at which zinc vapor may be condensed into liquid metal, the carbonic 
acid may act as an oxidizing agent on the zinc, producing carbonic 
oxide and zinc oxide again. Hence, to prevent the zinc frpm revert- 
ing to the condition in which it existed in the retort, viz : Zinc oxide*, 
it is necessary to conduct the vapor into a suitably cooled receiver, 
which most be of small proportions in comparison with the volume 

tBroadbead'8 Report. 610. 

tFlrst ^port, Geol. Survey, Arkansas, 1858, pp. 163 and 16L 
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-of the retort or apparatus in which the reductioQ and Tolati1iza> 
tiOD of the zinc takes place. By properly proportioning the size of 
the condenser or receiver, the amount of reproduced oxide of ziac 
may be reduced to a minimum, though in practice some is always 
(troduced. 

Carbonic acid is a neoeasary product of the reaction which forins 
the zinc vapor, and as it is in great volume, objectionable in bo far as 
it may, at the proper temperature, reoxidize the zinc, ^ffort should 
be made in practice to reduce its amount as nearly as possible to 
that which will be formed by the reduction. If, therefore, the ore 
contains carbonic acid it should be submitted to a preliminary cal- 
cination (in a kiln or a reverberatory furnace.) Water also oxidizes 
ziuc vapor, at certain ranges of temperature, so that a calcination is 
also advantageous in order that the loss of zinc by reoxidation may 
be reduced to the minimum possible in practice. 

In the case of blende ores it is necessary to submit the ore to a 
preliminary oxidizing roasting to convert the zinc sulphide into zinc 
oxide. In snch a roasting zinc sulphate is always produced, and as 
this compoand requires a bright red heat for its decomposition (into 
.zinc oxide and sulphuric acid) the expenditure of fuel in such roast- 
ings is sensibly increased. While blende ores are richer in zinc than 
are the oxidized ores (excepting zincite) their treatment is more expen- 
sive than is that of the latter, and they must therefore rate at lower 
price in the market than the calamine or smithsonite ores. Kerl 
states that at Borbeck and Oberhausen 128 pounds of coal are re- 
■quired to roast sufficient blende to produce one hundred pounds of 
zinc, while for the calcination of enough calamine ore (mixed silicate 
and carbonate) to produce the same amount of metal only 13 to 15 
pounds of coal are consumed. 

The distilling and condensing vessels are made of refractory clay, 
which must be of high quality. As these vessels are subject to a some- 
what rapid wear through Bcorification and accidental breakage, an 
abundant and convenient supply of good clay is necessary to all zinc 
establishments. In fact the quality of the clay and its abandance 
influence to no slight extent the minor characteristics of the zinc 
extraction processes. 

All the methods employed in practical extraction are based on 
the general principles already enunciated. The variations are in the 
forms of the apparatus and the furnaces induced by local considera- 
tions, such as the relative values of ore, coal and clay and the greater 
or less skill of the operatives. Three methods are recognized, deriv- 
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ing their DBmea from the coontriea in which the; have been most 
aaccessfally condacted. They are, 

TheEogllBh method. 
Tbe Sllegian method. 
The Belgian method. 

The first is not so extensively practiced as formerly, having been 
supplanted by tbe others. Tbe Belgian method with minor modifica- 
tions is employed in this country, and is therefore tbe only method 
which need be considered in this connection. 

In this plan of treatment the distilling vessel or retort is cylin- 
drical and closed at one end. Tbe nsnal dimensions are as follows: 

Interior length _ ..- SSHichee. 

Interior diameter ..,.,....„,.....„ _ 6} iachea. 

Thickness of walls _.»....-.......«...—.- 1^ inches. 

Tbickness of bottom -. » 2) inohee. . 

Capacity In cubic iaohes 1294. 

A nnmber of these retorts are arranged in rows in a furnace in 
ench a manner that the open end slopes slightly downwards and ont- 
wards. The combnstioQ chamber of the furnace is fed Vith coal for 
tbe prodnction of sufficient beat aronnd and in the retorts to produce 
tbe temperature necessary for the reducing action of tbe carbon on 
the zinc oxide above mentioned, an intimate mixture of the calcined 
ore and coal (both in the state of powder) having been introduced 
through tbe open end of each retort. The lower row or the lower 
two rows of retorts are usually kept empty during tbe working 
of tbe furnace, as they are in position to receive too much heat. 
Tbe retorts thus used to break the heat are technically called '* can- 
ons.'' The upper rows of retorts, where the temperature is less, is 
charged asnally with mixed coal and the dross and other products of 
tbe works rich in zinc. The furnaces are commonly built back to 
back in blocks of four. 

The retorts are charged with a mixture of tbe calcined ore, two 
parts; with non-caking coal, one part. About forty ponnds of the 
mixture constitotes a charge for each retort. After the charging, tbe 
receivers or condensers are attached to the open or outer end of the 
retort and properly luted. The receivers are of clay and have the 
form of the frustum of a cone, with the following dimensions : 

Diameter at base. „ 3} Inches. 

EHameter at top 2 inches. 

Perpendicular height-.. .14} Inches. 

Thickness ol walla, ttoia 1( to } inches. 
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The capacity of the receivers, calculated from these dimenBiooe, 
is about eighty cubic iuchee, bo that the volamea of the retorts and the 
receivers are to each other as 16 to 1. The object of the relatively 
small coadeiiBer, as before stated, is to reduce the oxidation ol the 
zinc vapor by the carbonic acid, to the smallest possible limit. Some 
zinc oxide, however, forms, and most of it is collected by attaching to 
the email or outer end of the re:eiver, sheet iron cones, tapering to a 
small opening, which are known as prolongs. 

The charge is worked off in twelve hours, when the receivers are 
detached, the residue withdrawn from the retorts and a fresh charge 
introduced. The upper retorts, or those charged with the rich sine 
dust and dross, and situated in the less highly heated parts of the fur- 
nace, are charged but once in twenty-four hours. 

The wear of the retorts adds very considerably to the expenses of 
zinc production by the Belgian methods. It is customary to estimate 
that the consumption of raw materials is, for ore, 35 per cent.; for 
ooal, including both fuel and the reducing agent. 50 per cent. ; and for 
o2ay, 15 per cent. These figures are not widely different from those 
obtained in practice with careful management, and will show that 
the average life of a retort cannot be much longer than twelve days, 
or, say through from twenty to twenty-five charges. 

The durability of the dietilling vessels is largely inflaenced by 
the character of the ore put in treatment. Oxide of iron and oxide of 
lead cause more rapid wear of Tetorts, from their disposition to form, 
at high temperatures, fusible compounds with silica. Proper mixing 
of acidic and basic ores will obviate this difficulty, to some extent, in 
the case -of the iron compounds; lead is prejudicial to a greater 
extent, and its injurious effects are not so readily controlled. 

The character of the ore, in respect to the presence or absence of 
certain foreign matters, inffnences also the character of the metallic 
zinc produced. Among the substances which operate injuriously in 
this way, may be named; arsenic, antimony and lead. 

ZINO PBODUCriON IN MISSOURI. 

The inauguration of the manufacture of speltre, or metallic zinc, 
dates back only to 1S67, it having been produced in that year by Mr. 
Geo.Hesselmeyer at Potosi. Two years subsequently the works at 
Oarondelet were put in operation. Three establishments at Carondelet 
DOW consume annually about fifteen thousand tons of Missouri zinc 
ore, the remainder of the production of the mmes finding consump- 
tion outside the State, chiefly at La Salle, Illinois. 

Carondelet is advantageously located for the site of zinc produc- 
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iag establiBhmeots, both as regards coal and clay; besides, the ore is 
withiD easy access, either over the Iron Mountain or the Atlantic and 
• Pacific Railroads. Theclaysfromthevicinity ofCheltenhamareofgood 
■qaality as regards refractory properties, and make distilling ves- 
sels which have even more than the average durability of similar ves- 
sels. The character of the Obeltenham clays are indicated by the 
following analyses of the samples A. and B.; the latter (not complete) 
was freed from moistare before analysis : 

A. B. 

Sknd&nd undeoomposed silicates 13.9721 

V 66.137 
aHicicadd- 38.167 J 



Ifngiiesla.. 1.349 not est 

Idine- 1.168 1.603 

Alkalis trace. trace. 

Water of oombiaation 9.948 10.670 

UoistQre- _ l.eoe none. 

Analysis A, shows the clay to be composed of 79.6 per cent of 
plastic or true-clay material, the per centage composition of which is 
silica, 49.19 ; alumina, 38.31 ; water, 12.50. This composition is not 
widely different from that calculated for pare kaolinite from the 
symbol Al ,0,2 SiO., 2H,0, requiring, silica,46.3; aIumina,39.S; water 
13^. 

[The following notes of Dr. Adolph Schmidt (made 1872, but not 
heretofore used) respecting the coal and clay mines of Parker, Bnssell 
A Oc, Oakhili, near St Louis, are' inserted in this connection. 

Strata below the coal found in a boring' on the Kussell Mining 
ground, pit Ko. 3, in the year 1856 : 

1. Blue sbale, mixed with clayieh nodules of Iron ore_- 3' 8* 

'^. Limestone colored by Iron I' 2" 

3. Gray, bard slate- _ 2" 

4. Blue slate- - : 1' 2" 

5. Limestone, colored by iron. - 1' 9f 

6. FIEE CLAY- „....-. 2* 



9. Blue slate _. 6*10" 

10. Brown slate- _ 1' 4° 

11. Blue slate _ - VIO" 

12. Sandstone in layers, shaly, mloaoeons- - 

13. Wbite sandstone-'. „ „ 6" 5i" 

14. Blue limestone- ™ 6' 8' 



CgiizcJ., Google 
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the section to this point bas been found correct and agreeing 
with the shaftB sank to mine the olsy. * * * * 

The fire clay is irregularly stratified, wavy formation, and is only ' 
found at one single place in the whole property, where it seem» to 
have a mere local development. It is not known between which of 
the regnlar strata the clay lies, because this shaft has been dug 
throngh old mining materiala, Where the clay was found, no coal was 
found. 

The clay looks gray, owing to an admixture of organic matter, 
hut becomes white on burning. It is the exclusive material for a 
large manufactory of good fire brick, which the company is work- 
ing on this ground*. 

Analysis of this clay, made by Chauvenet & Blair, of 81. Louis : 

Bysroaoopic water. _ 2,96 percent. 

W&ter of composition, and organic matter _ 7.27 percent. 

Silica '. HM perceot 

Alumina 22.82 percent. 

FerrouB oilde 1.76 per cent. 

Lime. ~.... 0.46 per cent. 

Magnesia 0.12 percent. 

Soda 0.M percent. 

Potash -. 0.23 per cent. 

Snlpbor ~ 0.12 per cent. 

Phoaphorio acid 0.00 percent. 

100.68 per cent,] 

A sample, recently analyzed in this laboratory, showed a less 
amount of silica and more alumina. The result was, as follows, (mate- 
rial dried at 102° 0.): 

Silldoaoid _ 52.846 percent. 

Alumina. _ 34.214 percent. 

Ferrous oxide 0.665 percent, 

* Reference has been made, in ttie chapter on lead smelting, to the use of the Are 
briclcs made from the clays ol this vicinity, for linings for the reverberatorles. The 
oomposition of two different specimens have been determined by Mr. James A. Pack 
and Mr. L. E. Orabll), under my direction. The resalts are as under : 

Laclede. Hilchell 

(PKk.) (GtsbiU.) 

elliola add Ee.307 perceat. 60.391 per cent. 

Alumlia 3A.a75 percent. 35,W) per denl. 

Femnu oxide 0.316 percent. 1.4M per cent 

rerricexide 0.0B8 per cent. 

I.lme 3.318 per cenl. 0.741 iier cent. 

Maguaia S.SSOperceal. 0.732 per cent. 
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Lime 1.001 per cent. 

Magnesia 0.7il8 percent. 

Potasea. 0,064 per cent. 

Soda ,. - 0.083 percent. 

Water and organic matter. ~ 10 638 per cent 

100 444 

This aDalfsiB expresBes the compoBition of the clay as a whole, 
without drawing the dietiDction between the plaetic portion or the 
trne clay and the mechanically intermixed Bilicates and Band. It 
will be noticed from thiB and the preceding analytical leenlts that 
the clays are free from injarions amonnts of those sabstancee (limei 
magnesia, ferric oxide and the alkalie) which impair the refractory 
properties of the clays. The best Stourbridge clay gives silica, 63.30; 
alnmina, 23.30; lime, 0.73; ferroos oxide, 1.80; water and organic 
matters, 10.30 (Percy); the finest china clay, kaolinite, from Oomwall, 
according to the same authority, has the following composition : Silica 
46.29; alnmina, 40.09; lime, 0.50; ferrons oxide, 0.27; combined water, 
12.67 (sample freed from hygroscopic water before analysis). 

For the pnrposes of the Garondelet zinc establiBhmentB, the St. 
Louis coonty clays are tempered by mixing with chamotte of old 
retorts, freed as far as practicable from the residue of previoos distil- 
lations. The QBual mixture is two of clay to one of chamotte. The dis- 
tilling vessels prepared from this mixtare are, as before stated, of 
excellent quality, and, as far as ordinary wear and tear are concerned, 
will last through at least twenty-eight charges. 

The oreB are calcined for purposes of removing carbonic acid 
and water, the calcination being generally effected in kilns. It is 
impossible for ns to reach the average composition of the ores used 
at the several works without a large Beries of analyses, especially 
since the ores are from so many different sources and vary greatly, 
both in mineralogical composition and grade. Below are given the 
results of three analyses of samples ~of the calcined ores after crush- 
ing. The results were obtained under my direction by Mr. G. A. Dun- 
can (I) and John W. Pack (II and III) — the first and second being sam- 
ples from the MiBsonri Company's works, and the third from ^be Mar- 
tindale works. The results may serve to give some idea of the charac- 
ter of the material put in treatment, and indicate that I and II were 
more largely carbonate ore, and that III bad a larger amount of cala- 
mine. 

I. u. m. 

Silicic arfd .' 10.280 10.310 29.447 

Zinc oxide 7S.240 75.860 70.039 

Ferric oxide and Alumina _ 1.909 2,120 0.527 



4.430 


0.285 


3.350 


0.084 


trace 


0.640 


0.289 


trace 


3.620 


trace 
0.34B 


100.8211 


101.271 


60.4SS 


56.213 
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Hanganoiu oxlde.„ 1.634 

Lime 4.340 

Magnesia. .'. - 3.390 

Arsenic ~ .'. .%..... trace 

Anamony 0.380 

Oariwaic add « - 8.000 

Salpbur 

100.168 
Per cent zinc „ 60.387 

All the samples contained faint traces of lead and copper oxides ; 
namber III evidently had some blende. The average loss in calcina- 
tion, estimated by the increase of zinc oxide, must be from 22 to 24 
per cent, of the original weight of the raw ore. 

The coals used are asnally exploited in the Illinois coal fields, 
which are within convenient access of the furnaces at Oarondelet. 
Forty-five pounds calcined ore, which has been crushed after calcina- 
tion, are mixed with one-half the volnme of coal, and the mixture 
constitntes a charge for a retort. The yield is about seventy per cent, 
of the theory, but of the thirty per cent, wastage, a portion is recov- 
ered by treatment in the upper retorts of the varions fnrnaoes of the 
zinc dnst, drippings and skimmings. The ratio of production of these 
rich products, as nearly as can be ascertained, is abont one of dust to 
three of skimmings and drippings. They show, according to the 
analysis of Mr. Pack, the following composition : 

Zinc 76.609 per c«nt. 

Antimony „ ,r 0.872 per cent. 

Arsenic - - 0.821 per cent 

Lead and Copper. traoea. 

Iron ~ ; 2.0B2 per cent 

Carbon 1.221 per cent. 

Sulphur 0.02S per cent 

Oxjjten in combination witli metais - 11.39B per (^nt 

Sand, etc ~ -_ 9.608 pur cent 

100.787 

The specimen analyzed was from the Maitindale works. The 
oxygen corresponds to S7.740 per cent, of oxide of zinc. 

Another source of loss lain the an volatilized zinc remaining in the 
retorts along with the non-volatile matters of the ore and the ashes of 
the coal. The amount of waste from this soorce is, of coarse, exceed- 
ingly variable. A specimen of old retort with adhering scoria gave 
4.152 per cent, zinc, besides 0.1510, lead; copper, a trace; arftenic. 
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0.4348 ; antimony, 0.9488 ; snlphnr, 0.8660 ; and iron, 2.2774 per cent. 
The latter, probably, in part as oxide and belonging to the clay and 
ashes. 

The loss from this and all other sources, is estimated to be about 
twelve per cent, of the zinc prodoced. 

The Martindale Zinc Works has two blocks of fonr fnmaces each ; 
in all eight fnmaces with 108 retorts each, or 864 retorts. 

Oarondelet works has 88 retorts to a fnrnace, and six furnaces. 
The namber of retorts is therefore .^28. 

The Missouri Company's fnrnaiies have 74 retorts each, giving for 
the fonr fnrnacee 296 retorts. 

The total production of these furnaces for the year 1875, was 
4,650 tons of spelter. 

The zinc produced by these works was analyzed in 1874, by Mr. 
John Pack, under my peisonal supervision and instruction. His 
results are appended. No. I being from the Missonri Company's works, 
and No. II from the Martindale : 

I. II. 





1346 
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7178 
1001 
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Zinc, by difference - 
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6995 
0000 


99.4347 
100.0000 



MANUFACrrURE OF ZINC WHITE IN MISSOURI. 

The nse of Zinc White, or oxide, as a sabstitnte for white lead, 
seems to have been soggested in 1845, by Leclero in France, and for 
the discovery, the Montaigne medal was awarded him by the Piench 
Academy. The earlier methods employed for its production necessi- 
tated the reduction of the ore to spelter, and the subsequent burning 
of this zinc metal in a separate vessel, by which it was converted into 
oxide. In the years 1847 and 1848, English patents, numbers 12,U01 
and 11,846 were issued to Rochaz* and to Newtonf for improved 
methods in the manufacture of pigments in the direction of " treating 

'Newton's lAindon Joamal, Qmjotnerf Striet, vol. 43, paK^a 246 et aeq. 
ilbid. pp. 2SS tt »eq. 
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zinc 0168 and manafaotatlng of oxide of zinc." The novel features in 
ttteee improTements coaslBted in the rednctioa of the ore and the 
oxidation of the zinc in an apparatas furnished with a coercitive 
blast. 

The manafactnie in this conntry began at the New Jersey Zinc 
Works in 1850, and was done by what is liDowa as the direct method, 
that 18, from the ore withoat the separate or distiact production of 
the metal, and waa the ^rst successful issue, on a practical scale, of 
.the attempts at this manufacture. The practice then in use, consisted 
in firing the ore interstratified with fuel in heaps; suddenly cooling 
with water for facilitating the sabaequent crashing in a stamp-mill ; 
mixing the crashed ore with about forty per cent of its weight of 
coal; charging into a muffle farnace, and collecting the resulting 
oxide in a suitable apparatus. 

This method of manafaoture was continued with Tarying success 
till sometime In the year 1855, when the process, now used aniver- 
sally in this country, and generally known by the name of its inventor 
and patentee, Wetheiill, was substituted for it. The Washington 
Oounty Zinc Company, near Hopewell, manafactured oxide under the 
extension of this patent, using ores produced in this State, and thongh 
ntft in operation at the present writing (February, 1870,) the cause of 
the suspension of the operations is certainly not to bo sought for in 
technical reasons. The works and the mode of prodnction are there- 
fore entitled to consideration in a report of this character, the more 
especially since the ores of zinc are so abundant in the State, and the 
product has intrinsic value as a legitimate substitute for white lead in 
certain applications. 

The farnace used is a low-arched chamber, the sole or bottom of 
which is formed of wide grate bars, placed contiguonsly, and provided 
with numerous conical perforations. Below these bars is an air cham- 
ber which is supplied with a low pressure blast, from a centrifugal 
blower. The arch of the upper chamber has two openings, one con- 
necting with the stack and the other connecting by means of an'iron 
pipe with the apparatus for condensation of the oxide. Both of these 
openinffs are so arranged as to be closed at will, and as the stages of 
the operations require. Through the shell and on each side of the 
furnace, and at the level of the grate bars are several openings or 
work doors, which give access to the upper chamber for the purpose 
of charging and discharging and of manipulating the charge. These 
openings are closed, when necessary, by banking up ashes or loam 
around them. 

The furnace is operated by first spreading a layer of bedding coal 
over the grate bars and igniting the same,'the combustion being aided 
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by the blast from the air clLamber beaeath. UpoD this is spread a 
layer of cinBhed ore intimately mixed with fine coal or dast for 
redacing pnrposes. Ae Boon as this layer becomes sofBciently heated 
to effect the reduction of the oxide of zinc — indicated by the pecnltar 
blueish-green flame of burning zinc appearing — the fine connecting 
with the stack which has been opened is closed, and that leading to 
the condensing apparatus is opened, at the same time the work doors 
are closed up by banking the ashes around the openings. The process 
is aided by freqnent rabblmgs or stirrings, and is terminated when 
the zinc flame is no longer to be seen — usaally after the lapse of from 
four to six hours. The scoriaceous mass or residuDm is now with- 
drawn, a fresh layer of bedding coal is introduced and ignited either 
by the sufficient heat of the grate bars, or by some of the residue 
which is, for that purpose, allowed to remain on the sole of the fur- 
nace, and the operations repeated as above. 

The furnaces are usually built in blocks ; a flue of brick connects 
. them with a sheet iron pipe four feet in diameter, vhich opens into a 
brick chamber or tower, where the oxide meets with water to aid in 
condensatioQ and thence passes into bags of strong cotton fabric, 
where the oxide is collected, and the gaseous products of the furnace 
filter through the pores of the bags into the exterior atmosphere. 
The draft of the furnace is aided by an exhaust fan placed intermedi- 
ate to the furnace and the bags. 

The method of collection in bags was early introduced at the 
New Jersey works, and has been found to be the only effective means. 
It is capable of extension for the collection of other valuable metal- 
lurgical products, such as fume, and has hardly received the attention 
that its simplicity and thoroughness warrant.* 

The rationale of the operation is not difficult to understand. 
The reduction of the oxide of the zinc ore is effected by carbonic oxide, 
the products of the action being carbonic acid and metallic zinc, the 
latter in the state of vapor. At a temperature somewhat less than 
that necessary for the reduction, which condition would be found in 
the upper part of the charge, the vapor of zinc will burn in an atmos- 
phere of carbonic acid, producing carbonic oxide and zinc oxide. 
The reduction of the ore and the combustion of the zinc vapor there- 
frOQi go on almost pari passu, observations showing that almost all 
the oxidation is effected previously to the zinc leaving the charge and 
not in the space of the chamber above the charge. When this latter 
does take place there is produced and collected in the flues, a larger 
amount of so-called Hue-powder, a mixture of finely divided metallic 

*0a this point eee tb« author on Loss by Vblatlllzatlon, Jovr. Franklin Iratiluts, 
Ftb., 1S71. 
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zinc and oxide. The formation of this blue powder waa a serioaft 
objection to the (tacceesfdl practical working of the maffle-fomace ; 
when, however, the famace now in use is charged properly the pro- 
dnctioQ of this Bobstaiice is reduced to a minimtim. 

Blende-bearing ores ehonld be roasted before treatment. - Gener- 
ally, Bach roasting is done in a reverberatory with a doable sole. If 
galenite is present in the ores it ie largely carried over by the specifi- 
cally light oxide of zinc, and appears in the prodact chiedy as lead 
oxide or lead sulphate. At the Keystone Zinc Works, near Tyrone^ 
Pennsylvania, galeniferous zinc ores, containing from six to twelve 
per cent. lead, were treated by this process, and the so-called Bartlett 
white lead was made in a similar manner by burning the mixture of 
galena and blende from the buddies of the Silver Hill mine, Davidson 
oonnty. South Carolina. The annexed analyses of these products by 
the antbor* are introduced f or illnstratiug the volatility of leadander 
the circnmetances discussed: 



Keyatone Oxide. "BarUett White Lead."- 

Zinc oxide 78.246 72.083 

I-ead oxide „ 0.274 

Antimony oxide trace. 

Ferric oxide trace. 

Lead sulphate 35.08* 23.968 

Zlno sulphatf- 0.674 0.810 

Zinc chloride 0.8S9 

Ferric chloride- 0.071 

Antimony chloride... trace. 

Cadmium chloride. „ 0.256 

Cadium sulphate. 0.186 

CtUdo carbonate 0.729 

A process for converting lead ores into a paint material suscepti- 
ble of taking the place of white lead, by a method similar to that 
described above has recently been patented.f llie prodact is unex- 
ceptionable in color, and mixes readily with oil. Some recent analyaes- 
by the writer show the following to be the compositions of two sam- 
ples prepared by this method of burning, with slight differences, how- 
ever, in the modes of collection, "A" being condensed without, and 
"B" by nse of water: 

A. B. 

Zinc sulphate. 0.4112 0.3488 

Ferric sulphate trace. 

* WatfB Dictionary oj C&«>»m^, II supplement, page 725, from Chemical Noes, 
XXIII, 286. 

t NowlnuaeatLoneElm, Joplin, in connection with the hearthe, for the con- 
densation of fnme. 

, ., Google 
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Lime eulptaate ~ 0.0161 O.OWl^ 

Lead sniphate 38.8874 SB.BOOfr 

Lead carboaate 2.0822 17.0145- 

Lead oxide 63 8813 37.3707 

ZlDC oxide- ., 4.2938 4.6441 

Ferric oxide, 0561 0.1104 

Sand... O.0091 0.0221 

Organic matter, chieflf fibre from bag- 0.0046 0.0024r 

100.13B7 90.9188: 

The qoantity of residue left on the grate bare after proper burDing 
of the zinc ore by the Wetheiill proceBS is aboat eqnal in weight to the 
weight of the ore introdnced. It is aBcoriaceoaa mixtore of the foreign 
matters of the ore, ashes of coal, nocoiiBiimed coal, and some oxide of 
zinc. Its qnality in respect to the amonnt of this latter has been found 
to range between 2.5 per cent, and 22 per cent, being always smaller 
when the charges are of small depth, and greater as the charges are- 
increased in thickness. The thickness of the charge spread over the 
bedding coal is nsnally from four to six Inches, at both the Lehigh,. 
(PeonsylTania,) and the New Jersey, (Newark,) works, and the 
amonnt of oxide in the residae under such conditions of charging and 
working never exceeds fonr per cent. Any notable increase in thick- 
ness is accompanied by increased wastage of oxide in the residue,, 
irrespective of the time that may be given, after certain limits, to 
the elaboration of the charge, so that economy in both time and zinc 
is secured by thin charges. Hence the necessity of crashed ore and 
dust coal for the charge, and of small coal (usnally chestnnt size) for 
the bedding fuel. 

The greater energy of blast which would be required for thicker 
charges might also cause a greater calorific intensity resulting, in 
interference with the proper reactions, and possibly causing, also, a 
slagging or semi-fnsion of the charge, interfering with the disen- 
•gagements of zinc vapor. 

The effect of adding to the depth of charge in the Wetherill fur- 
nace, is illustrated in the annexed table * of results of analyses of 
* OoDdeoeed fh>m testimony and argument in Wetherill c«. th* N. J. Zine Co., 
PliUadelpbla, 1871. 
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the reeidaee of certain experimental charges in the New Jersey fur- 
naces : 



Thicknbsb of 
Oeurqb. 


Tims of Woek- 


Pbb Cent, of Oxide 
Id Bbsidiis. 


Analyst. 




5 honr 


2.03 per MQt 
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Charles Roepper. 
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{ 8.06 per cent, 


T. 0. Garrett. 
Charles Eoepper. 

Charles Eoepper. 

Charles Roepper. 

Charles Roepper. 

Charles Eoepper. 










8 hours- 






















28 hours 















The New Jersey Company works ore of high grade containing a 
large proportion of willemite, ziacite and the zinciferoae iron ore, 
J^ranklinite. The last named species is rich also in manganese, so that 
the residne is notably both iron and manganese beariog, and is nsed 
for mixing with iron ores for treatment io the blast farnace for the 
manufacture of an excellent quality of apiegeleuen. Experience has 
flhown that where the residues contain more than four per cent, 
-oxide of zinc they are not adapted to blast furnacb treatment, and 
their introduction results in serious and expensive disadvantage to 
the charge in the furnace, so that the profitable utilization of this 
valuable matter depends on the close working of the oxide furnaces. 
The Lehigh Company works under the double disadvantage of start- 
ing with lower grade ores, and of producing a residue which cannot' 
be utilized, and is therefore forced to clean Dp the charge as closely 
as is practicable. The Missouri Company has not run its residue 
ilown as cleanly as that of either of the above named establiahments, 
probably on the grounds of starting with rich ores and of economy in 
fuel, but whether the practice has, in reality, been subservient to 
increase of profit is a point still open to demonstration. 

The Hopewell furnaces are eight JD number, built in one block, 
each with a hearth of 4.5 feet by 6 feet, and with a height of 27 inches 
from the grate bars to the centre of the arch. The bedding coal foe 
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a charge is aboat 250poDnd8 weight of FeniiBylvania antbracite Hpread 
evenly over the grate suiFace and giving therefore a thickness of one 
and a half inches. The charge proper consists of 400 pounds ore and 
200 pounds of small coal and dust thoronghly mixed before introduc- 
tion. The coal is mixed FenQsylvania anthracite and that from 
Spadra, ArkanBae. The ore comes cMeQy from the Washington coonty 
lead mines, and contained occasioaally a small amount of galenite. 
SometimeB Dade coanty BinithBonite waa employed. A repreBenta- 
tive lot of specimens gave the following result on an&lysis : 

Zinc oxide -...53.S97 per cent. 

Ferric oxide » - 4.2S3 per cent. 

Alumina - 0,633 per cent. 

Ferrous oxide , l.(Kt9 per cent. 

Lime.. 2 ii93 per cent. 

Magnesia 1.543 per cent. 

Lead oxide _ trace. 

Cnpric oxide 0062 per cent. 

Gadmium oxide 0.173 per cent. 

Antimony oxide 0.170 per cent. 

Carbonic acid .24.302 per cent. 

Silica 8.610 per cent. 

Water „ 2,414 per cent. 

Siilphnr 0.213 per cent. 

99.633 

It is evident from this result that the ore is a mixture of abont 
two-thirds smithsonite and one-third calamine, containing, however, 
a fractional per centage of blende and foreign snlphides. 

The charge indicated reqnired nearly six hours for its elaboration. 
The ore yielded a little more than thirty per cent, of oxide, leaving 
therefore as stated above, a large part of the zinc in the residue. This 
is confirmed by the annexed result of analysis of the residue : 

Zinc oxide 25.426 per cent. 

Ferrous oxide- 12 528 per cent 

Alumina -^ .' 4.247 per cent. 

Lime 5,811 percent. 

MagneBla. 1-692 per cent. 

Ferrous sulphide ~ ~ 8.723 per cent. 

Cuprous sulpbide. '..... 0.175 per cent. 

Silica 31.740 per cent. 

Carbonaceous matters - 10.040 per cent- 

99.882 per ceuL 

The quality of the oxide varies widely according to the foreign 

matterB in the ore, being influenced to the greatest degree by the lead 

and the sulphur. Several brands of the oxide have been produced 
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the character of each being indicated by the analytical leenlts given 
below : 

I. 11. III. IV. 

Zinc eulphaUv 1.163 O.acs 1.001 0.824 

Calcic SDlptaate 0.008 0.041 0.080 0.011 

Lead iulpbate. 4.970 3.248 1.271 0.24» 

Lead oxide - 1.047 4.698 0.899 a814 

Copper oxide ?- 0.068 0.186 0.048 0.021 

Ferric ozid^ trac« trace trace trace 

ZiDo oxide, by difflrence. ~ 92.749 91.729 97.206 98.081 

I is "Star No. 1;" II, "Star No. 2;" HI, "Star No. 3;" IV» 
" Oxide." 

Two samples prodaced entirely from Dade connty ores, were 
analyzed under my directions by Mr. P. E. Blow, and the results were 
published in the Report of the Curators of the State University for 
the year ending June, 1875. These results are reproduced below : 

V. VI. 

Zinc sulphate-. 0.3001 0.4998 per oenU 

Calcic Bulphate _ 0.1114 0.1400 per cent. 

Cadiuinm eulphat« - 2024 per cent. 

Zinc chloride _ 0.0948 traces 

Cadmium chloride 0.9446 traces 

Lead sulphate 0.019B 0.0042 per cent. 

Lead oxide - 0.4996 1.1488 per cent. 

Perrlc oxide 0.0822 O.OWO per cent. 

Zinc oxide, by difference. :. 97.9979 97.9062 per cent. 

100.0000 100.0000 per cent' 

V was of good color and body ; VI was somewhat " off color,'* 
having a decided buff tint and marked impure. The ore ^m which 
they were produced contained 0.842 per cent cadmium oxide. 

While the works were in operation, they consumed annually three 
thousand tons of ore and twenty- seven hundred tons of coal for all 
purposes. The product was from eight hundred to a thousand tons of 
oxide of the various grades. 

The chief use of zinc oxide or white is as a basis for a pigment. 
It 18 rather more expensive than white lead, bat ia claimed by some 
to have even better covering properties in the ratio of 13 to 10: 
Farther, it is not so apt to change color, retaining its pare white tint 
much longer than the beet white lead, and is not blackened when 
exposedto emanations containing anlphnrretted hydrogen. Afurther 
and more limited use of the oxide is in the conversion of caoutchonc 
into the material known as ebonite. 

The shipments of oxide from Hopewell, by the Washington County 
Zinc Company, amounted in 1875, to 2,446 barrels, weighing 489,000 
ponndB, of the several grades. The value of the shipments is given at 
» 44,010. , 
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MAEAMEC FUKSACE. 

The Maramec furaace (T. 37, R. 6 W., Sees. 1 and 2), owned by 
the heirs of Thomas James, and operated tinder the management of 
William James, Esq., of St, James, is the oldest establishment now in 
operation in the State. Smelting work was began at the location as 
early as ISHL 

The present furnace is of thimble top style, its dimensions being 
given in the accompanying section (Plate I.) It has two tuyeres of 
three and three-qaarter inches diameter, delivering blast of thre& 
pounds pressure. The blowing apparatus is worked by water-power, fur- 
nished by the ample spring at the works. The diameter of the blower 
is 4 ft ; etrok,e 4 ft. 6 in.; two cylinders ; number of levolntions per 
minute, 16. The calculated capacity of the apparatus is 3,612 cubic 
feet of air per minute ; or, with an average daily production of four- 
teen tons iron, one ton of iron requires 13.86 tons of air. 

The ore is fnrnished by the Maramec bank, near the furnace. [For 
description of this deposit by Schmidt, see report of 1872, pp. 141, et 
aeq. I ]. A carefully selected sample gave the following result: 

Ferric oxide 73.365 per cent. 

Ferrous oxide '. 2.287 per cent. 

Alumina 7.B34 per cent 

Magnesia... _ - 2.044 per cent. 

Lime trace, 

Silica 14.740 per cent. 

Phosphoric acids - trace. 

Sulphur. ...— -..., 0.057 



Metaliiolron - 53.094 per cent. 

The yield shown by the above analysis is about an average of that 
produced by working. During the three months of December, (1874), 
and January and March, (of 1875), there were required 4,472, 4,34& 

- - ,;lc 
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Rnd 3,926 poands of ore, respectively, to produce one ton (2,240 poands) 
of iron, correaponding to 50.6, 51.6 and 57 per cent, yield for the ore, 
or a meaii of 53 per cent. 

Flux : The limestone used for flux is nearly a trae dolomite, aa 
JB shown by the annexed resalt of analyaia : 

Catclc carboDate 02.611 percent. 

Magneslc carbonate — 42.415 per cent. 

Ferric oxide and alumina. 1.880 per cent 

Insoloble matters » 4.201 per cent. 

100.5ST 

A apecial examination showed it to contain 0.036 per cent, of aal- 
.phar and 0.005 of phosphoric acid (=^0022 of phoaphoraa.) 

The asnal charge consists of 520 poands ore and 100 poands flax, 
■one hundred such charges being introduced daily. In January, 1875, 
1,578,280 pounda ore were ran through in 2,772 charges, and in March of 
the same year, 2,006,410 poands of ore were used in 3,562 charges, or at 
-the rate of 569 pounds of charge for the first and 563 poands for the 
second. 

I^uet oontumption : The records of the furnace show aconsamp- 
tioD of 153 bushels of charcoal per ton of pig iron produced. The 
charcoal contains, 8.66 per cent ash ; 497 bygroacopic water, and 86.37 
carbon. Estimating the weight per bushel to be at' the rate of 
-eighteen pounds, 1,221 tons charcoal ate required per ton of pig iron, 
■or 1.053 ton of pure carbon to the ton of iron. 

Products: The average daily production of iron is about fifteen 
tons. Taking the tnonth of April, 1875, to represent the character of 
the product, it will be found that the relative amounts of the three 
:grades of iron are as (No. 8), 10 to 10.5, (No. 1) to 44 (No. 2). The 
chemical composition of these aeveral grades are found to be as be- 
low: * 

I. u. III. 

Carbon, grapbitlc. 3.034 3 000 2.662 

Carbon, combined _.. 2.27S 0.687 0.288 

Silicon 1.378 

FboBphoros trace 

Sulphur a048 

Manganese 0.904 

Iron, by difference - 94.870 

100.000 100.000 100.000 

* For methods of Analyses followed, see Freeenlos ^ua/ttitativt Anaiytit, fouxtb. 
£ngli»A Bdition, pp. 658, et »eq. 
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From the data given above ia connection with the analyseB of the 
raw materiale aeecl, the amonnt ef vlag prodnced to the ton of iron 
will be found to be 0.853 ton. Of this quantity the ore contribnteB, 
0.569 ton; the flax, 0.183 ton, and the charcoal 0.106 ton. The compo- 
aitiOD of the slag is indicated in the annexed analyBis in which the 
snlpbar is regarded aa combined with a part of the calcinm into cal- 
cinm Bolphide. 

CbntpMifion Maramee Slag. • 

BiUoa ~ M.746 percent 

Alumina ~ 7.729 percent. 

IferrouB oxide 2.382 per cent. 

Lime - 16.973 percent 

AUgne^ » - Q.B49 percent. 

Soda. »..» .„ • 1.813 per cent. 

Potassa ~ 0,703 per cent. 

Phoapborio acid 0.573 per cent 

Calcium sulphide. 0.131 per cent 

100.399 

Sulpbnr In slag — 0.0S8 per cent 

Fboaphoms In elag 0.249 per cent 

The percentage of oxygen of the silica is 31.53, and that of the 
bases, 11.68, giving a ratio of 1 to 8 (nearly) and constitaling, there- 
fore, an acid silicate. 

Combining the results of the operation of the furnace with farther 
details fnrnisfaed by the chemical investigations, the distribatioD of 
the raw materials — solid and gaseous — entering into the prodnction 
of one' ton of average pig iron at theMaramec farnace, may be ascer- 
tained with sufficient accuracy to form the basis for calcnlations con- 
cerning the calorific eSeot of the fuel. The raw materials are ore, 
flux, charcoal and air, and the products are pig-iron, slag and the gases 
escaping from the tnnnel-head. Tabulated, the relations of thesefac- 
tors and products will stand as follows, the calcalations being made 
to the ton of iron produced: 

Obb, 1.966 hinB, containing: 

riron 0960 

1 

Oxygen- O.ilti 

Ferrous oxide-. 0.048 



Slag. Oases. 



Ferric oxide 1.871 



Fer<-ouB oxide 0054 



.Oxygen-.. 
Silicon.... 



0,500 Oxygen- . 0.010 

SUlca 0.480 

d magnesia. O.OU 

GE— 9 

[g.i.cd., Google 



THE CHAECOAL IRON raDUSTRT. 



Flux, OJSB tons cont^oing : 
Silica.-. 

HBgneBia — 

Carbonic acid — 

Ohabcoal, 1.221 tons coutainii 
Carbon 



AiB, 13.867 tons oonUlnlag ; 
Oxyaen- 





0.100 







0.069 


0.1M 


aouo 


0,106 


1.034 
O.OGl 

3.20O 
10.590 
6.077 



If in this blast fnraace the total carbon of the charcoal was borued 
to its maximum of oxidation, that is, to carbonic acid, the amount of 
heat developed would be 8,484 ton unitaofheat, or in other wordB,itB 
calorific power would be enough to raise the temperature of 8,484 tons 
of water Jrom 0° to 1° centigrade. But such calorific power cannot 
be realized in blast furnace practice, for the gases escaping from the 
tunnel head of any furnace are mixtures of carbonic acid and carbonic 
oxide, and indicate, therefore, a more or less perfect combustion, so 
far as the beat production is concerned, according to the preponder- 
ance of the one or the other. Hence, the ratio of these two escaping 
gases when determined, gives an index to the working of the fqrnace^ 
considered in respect to its fuel consumption. This ratio of CO (car- 
bonic oxide) to CO, (carbonic acid), Grunerf fixes as 1 to 1.217 in an 
ideally perfect working coke furnace ; it is always less in charcoal 
furnaces, for reasons noted hereafter, and in the great furnaces of the 
Cleveland ore district, when in good condition, it is generally between 
0.5 and 0.7, and for bad working 0.35 to 0.40. 

If the final product were carbonic oxide alone, the number of heat 
units produced by an unit of carbon wonld be 2,473, so that the calo- 
rific power produced in the furnace must stand somewhere between 
this number and 8,080 — the number produced by the complete com- 
bustion of carbon into carbonic acid — and will vary accordingly as 
there is more or less of the one or of the other of these two compounds 
of carbon and oxygen produced. The reason that neither the maxi- 
mum nor the lainimam amount of heat is not obtained will be obvious 
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ftom an examination of the reactions necessary in the furnace to pro- 
dace the iron. 

"In every furnace of 'this type," says Gruner,* there are two con- 
trary curreutB in motion, and reacting the one upon the other — a 
gaseous ourrsnt asesnding, the temperature of vhich is at first very 
high, and decreases very gradually till it quits the furnace at the 
tunnel head or top; and a solid descending current composed of the 
ores, the duxes and the fuel, the temperature of which goes on in-' 
creasing always under the action of the gaseous current in the oppo- 
site direction. Of these two currents, the oae is slow, the other very 
rapid. The solid materials of the charges rarely descend with a greater 
speed than 20 inches per hour, whilst the gases pass upwards with a 
velocity of 20 inches per second. * * * The air blown into 
the furnace at the tuyeres is almost instantly transformed into carbonic 
oxide,t and this gas, in its passage np the body of the fnniaoe, acta 
more or less directly in reducing ores — that is to say with or withont 
the aid of solid carbon. The reduction of the oxide of iron may take 
place in three ways : 

1. 3 CO + Fe, O. = 3 00, -f 2 Fe. 

2. 3 -i- 2 Fea Oa — 3 00, + 4 Fe. 

3. 3 -f Fe, O, =- 3 CO + 2 Fe. 

It may at once be remarked that the first two ways of reduction 
are net in fact realizable, if we adopt the proportions giyen in the 
formulas. In these conditions the metallic iron would be partially 
reoxidized by the carbonic acid. We know by the experiments of M. 
Debray, confirmed by Mr. Lowthiao Bell, that in presence of equal 
Tolnmes of carbonic oxide (CO) and carbonic acid (CO,) peroxide of 
iron (Fe, d) and metallic iron (Fe) are both brought to the state of 
protoxide (Fe O). Bat these two first modes of redaction are impos- 
sible taken singly ; they generally help, with the third mode, in pro- 
ducing the final result, and in fact, the gases taken at the farnace top 
are always composed of a mixture of GO and C0> According as the 
one or the other mode of reduction has the greater share in the final 

* /*. pp. et ttq. 

f I may add here tbat tbe e:xceltent authority of Tunner ia ag^nat the msumpUon 
that narbontc oxide alone Is present in the lower part of tbe furnace, or that, Id tact 
there l8 any part of the flirnace which does not contain both carbonic acid and carbonic 
oxide In varying proportiona, dependent on varloua conditions. Consult la this oon- 
necUoD Prime's translation of Atennan'g Raearehet on the ConmimptUm of Htat in t/tt 
Blatt-furnace Proceaa. Tranaactiont Am. Intt. Mining Bngincen, Vo). I, pp. 4S6, 
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reealt, the proportioa of 00 or OOi in the gases taken at the fatnace 
top is the greater. Bat it is very easy to show that these three modes 
of redaction require very different gnantitiee of caloric; and io this 
point of view — that ie, in reference to the consumption of fael — it is 
not a matter of indifference which of these reactions takes place in 
blast fnrnaces." 

The calorific effect of each of these reactions ia made ap of the 
amount of beat absorbed and the amount given off. The first is con- 
stant for all those reactions, being exactly the amount of heat which 
an unit of oxygen would produce in burning iron to Fe,Oa, but work- 
ing in the opposite direction that is being ahsorhed by reduction 
inetead of liberated by oxidation. It has never been determined 
rigorously, but is generally estimated to be about 4^500 heat units. 
The second, that is the amount of heat given off, is variable, being for 
the first reaction 4,205 units, for the second 3,03l} units, and for the 
third 1,855 units for each unit of oxygen removed by the carbonic 
oxide or the carbon. Comparing these variables with the constant, it 
will be seen that in the first reaction the heat liberated by the com- 
bustion of the carbonic oxide into carbonic acid by the oxygen of the 
Fe,Oa is almost equal to that absorbed by the reduction of the FeiO) 
to 2 Fe, while in the other reactions in .which the redaction is effected 
by solid carbon, (in the one case oxidized by the change to CO], and 
in the other, to 00), the heat absorbed is greater by about 1,500 and 
2,600 units, respectively. In other words, to effect a lednction by solid 
carbon, the amount of the latter must be increased over the amount 
required in the form of carbonic oxide, and the amount of increase is 
relatively greater as carbonic oxide or carbonic acid is the final pro- 
dacL Kepj-esenting the aniount of carbon required to effect the reduc- 
tion by carbonic oxide by unity, the solid carbon burned to carbonic 
acid (reaction 2) becomes 1.55, and to be burned to carbonic oxide, 
(reaction 3), it most be increased to 2.33. 

The ideally perfect furnace considers the reduction by carbonic 
oxide only, and regards the final products as carbonic oxide and car- 
bonic acid in the proportion of one weight of the first to 1.217 of the 
latter. For one unit of pig iron prodaced there will be consumed 
0.880 of carbon, producing 1.40S of carbonic acid and 1.157 of carbonic 
oxide. If the relation between the two forms of oxidation of the 
carbon in the gases escaping from the tunnel head be the index of 
the effectiveness of the fuel in the furnace, analysis of these gases 
will give the required knowledge with all necessary exactness. But 
the performance of this analytical work is certainly not easy, not is 
its execution at iron establishments generally provided for. In by far 



THE CHARCOAL IBON INDUSTRY, 136 

the larger namber of caees the determioatioD of the ratio of the 
famaceB, gases can only be arriTed at by calcnlaliODS, which being 
based on bo many aBBumed poeitiona, necessarily lead only to approxi- 
mations, interesting in a theoretical view, but withont the element of 
certainty to give them any great practical significance. Kevertbeless, 
these calcolatioDB are at present the only gnide that we have tp 
bnowledge of how far the furnaces in this State are proportioned and 
gOTemed in order to secnre economy in the consnmption of fnel. 

The distribntion of materials given on a preceding page, in con- 
nection with certain data, established by Bell, Akermann, 3raner and 
others, enable qb to reach the following approximation to the amount 
of ton-nnits of heat necessary and required to produce one ton of iron 
in the Haramec furnace : 

BeductloD of IroD from oxide. [O.S60toDX1780aDit8H] 1,708 U>nH-U 

Carbon impregrnattoa - [ .030 XM67 b] 74 " 

BspulBlon of carbonic acid trom limestone.'..- [0.SS9 X 370 c] 136 '> 

Decomposition of carbonic acid ftom limestone [0.154 x3300 d] 493 " 
Decomposition of water from blast and 

charcoal _ [0.016 xa9638e] 444 " 

BeducUon of sUlcon fhjm silica. [0.010 X7880 f] -78 " 

Fusion of pig Iron ,. p.OOO ' x SMg] 330 

Pnsion of dag „ [0.858 X 560h] 472 " 

Heat transmitted Uirough fUrnaco walls k. 113 " 

Heat carried off In tbe tujere water 1 14 " 

Heatcarrled off by gases from tunnel bead m :.. 568 " 

Total anits of heat per ton of iron - 4,404 " 

To produce this amount of heat there were consumed 1.052 tons 
of carbon, burning in such a manner 31 per cent, should form carbonic 
acid and 69 per cent, should be converted into carbonic oxide, and 

the resulting gases will be r^'— 0.712 ; while the calorific power, 

represented by the heat consumption, will be 76 per cent, of that 
possible for the same amount of carbon if burned as in the ideal 
furnace. It may be well to mention in this connection, that the 
activity of furnaces varies greatly with the character of tbe fuel and 
the ore. Beference will be made to eome of the peculiarities of 
charcoal furnaces in comparison with those using coke in treating of 
some of tbe hot blast charcoal furnaces of this State. 

a— Bell'B , number ; b— Sell ; c— Bell ; d— Bell ; e— Alienuann ; 34,462 is the usual 
nnmber given for calorific power of hydrogen, but tbla factor ioclades the deducdon 
for beat absorbed in converting 8 units of water (formed from one unite of hydrogen] 
intoateam[84,463—(9x536)=39,63S;f— Akermann; g— Bell; h— Bell; k— Akermann; 
1— Abermann; m— Akermann. 
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Bloomery at the Maratnec Works : The bloomery has eight fires, 
each raQBing eight charges per day, of from X2 to 14 hours ; one three- 
ton trip-hammer seryes all the fires. The tuyere eaters the fire about 
1^ inches ; its diameter is 1^ inches ; the bottom plates are not cooled, 
bat rest on the ground, and last from one to three months. 

A charge is 280 poands of pig iron, 2-5 being white or mottled 
iron and 3-5 gray iron. A charge giyes a loop of 246 poands, which 
is hammered into two blooms (L20 lbs. each) at each heat, withoutany 
reheating. Eighty busheU of charcoal are reqoired per ton 
(2,464 pounds) of bloom produced. Each fire requires two hands, and 
makes only one turn per day. 

The power for the blowing engine is famished by the spring. 
There are two vertical cylinders, 6 feet 2 inches in diameter; length 
of stroke, 4j^ feet; nnmber of revolutions, 14 per minute. 

The total production averages one hundred tons of blooms per 
month, in winter time, and somewhat less in summer. 

OZAfiK FURNACE. 
[Sbc. 21, T. 37, B. » ; Phelps County.] 

This furnace was built in 1S74, but owing to the depression of the 
iron industry ttironghout the country, was blown out in the spring of 
1875.* (For form and dimensions sse plate 2.) While running it used 
a mixture of equal weights of ores from the Beaver, f (S. \ Sec. 33, 
T. 37, R. 8 W., Phelps county), the Hancock, (Sec. 14, T. 38, R. 12 W., 
Miller county), and the St. James banks. The composition of these 
ores is indicated by the annexed results of analyses by Mr. Hare : 

Beaver Ore. St. James Ore. Hancock Oro. 

Perrio oxide '. - 91.612 78.604 79.437 

Alnmlna.. 3,800 

Hanganona oxide _ 

Lime- 0.384 

Uagneaia- 0.221 

Silica - -- 3.863 

Phosphoric acid -. 0.166 

Sulphur- 0.151 

Water 

1(10.352 

MetalUc iron 64 128 

Phoapborusi - - 0.0671 



2.608 


5.229 






12.402 


0.174 


4.S03 


0.390 


6.491 


ii.oa 


0.230 


0.074 


0.214 


0.073 







* The Ozsrk furnace resumed worli during May, 1877. 
t For description (Schmidt) see report, lS7a, 148. 
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According to estimates made at the time the farnace was 
ID blast, 1,502 toQS of ore made one Ion of iron. To this were 
added 0.175 tons of magnesian limestone for flux, (» 12 per cent, of 
the weight of the ore) which contained the following conetilaenta, 
centessimally expressed : 

Calcic carbonate _ 5S.M1 

Magnetic carbonate- ', » 41.168 

Ferric oxide and alnmtna „ 0.TS4 

Insoluble matterg.., S.79C 

PerrouB di-sulphide '. O.OBl 

99.829 

Special examination for phosphoric acid, showed 0.004 per cent. 
(-= 0.0017 phoaphoruB.) The sulphnr is 0.0485 per cent. 

The charcoal was used in the proportion of 0.762 tons per ton of 
iron made. The blast was heated to the temperature of melting lead 
(325°C.) and entered the furnace by'two tnyeres. 

The iron contained : 

Carbon - 2,6688 per cent 

Silicon - 0.4199 per cent 

Hanganese.. 0.6713 per cent 

Phosphorus— 0.0066 per cent. 

Sulphur I ». „ 0.0440 per cent. 

Iron, by difference- ._. 96.2904 per cent. 

100.0000 per cent. 

The distribution of the materials show that the elag-forming sab- 
stances amounted to 0.528 ton per ton of Iron. The mean of two analy- 
ses gives the following composition to the slag : 





Ozark Slag. 








16.617 










































99.636 


Fhoaphorus 




..: -00340 



The oxygen ratio of silica to the bases is about 1^ to 1 (more 
exactly 26 to 17), showing the slag to consist of a bi-silipate in mix- 
ture with a singalo-silicate. 
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The difficnltieB attendant upon briDeing the opening work of a 
furnace into a fair or satisfactory conclitioD had hardly been orer- 
come in the instance of the Ozaik farnace before it was put ont of 
blast. No statement of its working effect coald therefore be jaat, 
and comparisons based npon the fuel consamption and prodnce of 
iron woald result only in erroneoaa conclasions. The farnace ia 
owned by the Ozark Iron Company, and was bailt and operated nnder 
the general management of William James, Esq., of St. James. The 
character of the work upon the farnace and apon the other improve- 
ments of the estate is most substantial. 

SCOTIA IRON W0RK8. 
(N. B, i. Sua 1, T. 38, R. 8 W., Ciuwfokd Oountt.) 

The farnace is located eight miles soiitheast from Leasbarg, it» 
station and depot on the Atlantic & Pacific ilailroad. It was erected 
in 1849, and has made a most creditable record in respect to its pro- - 
dnction and the qnaiity of its iron. 

It is of the open top form with two tuyeres (4 inches in'diameter), 
the blast having a pressure of from two and a half to three poands,. 
and a temperature of from 500° to 600° Fab. (say 825° Cent., or about 
the melting point of lead). The hearth is of fine sandstone quarried 
near Leasburg, standing a campaign of about six months duration. 
^ The blast is furnished by a steam blowing-engine with a steam 
cylinder of twenty-nine inches diameter. The blaet cylinders are 
two in number, each, foar feet diameter, and with six feet stroke. 
Eighteen to twenty revolutions are made per minnte. The daily 
work is therefore 4,127,000 cubic feet of air. The blast is heated by 
passing thirty syphon pipes, in two rows of fifteen each, entering by- 
eight pipes and returning by seven. 

The ores are calcined in heaps of fifteen feet height, and twenty 
by sixty feet base, holding about one thousand tons. The heaps barn 
three weeks. A sample each of raw and roasted ores gave as follows 
(each mean of two analyses): 

Hair Ore. Calcined, 

Ferric OTlde B3.051 83.306- 

FerroDs oslde 

Alumina 

.Maai^nouEi oxide 

Lime 

HaKiieaU 

Silica - 

Sulphur 

Phoepboric add 0.075... 

100.416 JOaSTl) . 



























0.075 


0.174 
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The metallic iron in the' samplea aoatyzed is 60.61 per cent, for 
the raw, aad 66.491 for the calcined, and the amoants of phoBphonu 
are 0.0327 and 0.0759 respectively. 

["The ore freqaently melts in the interior of heaps and rans or 
drops down, forming beaatifal stalactites, often with a Telvet-Iik» 
crystalline, dark snrlace." Schmidfs notes^ 1872.] 

^lux: The limestone nsed in the fnrnace, is from the third mag* 
besiaD formatioD, and ie {[aarried on a level with the tunnel head, a 
few yards back of the fomace. It is less magnesian or dolomitic 
than other belts of the same formation examined, and contains : 

Calcic carbonate _ 84.076 per cent. 

UagDesIo carbonate _ 12.664 per cent.. 

Ferric oxide - _ - 0,428 per cent. 

AlnUina 0.564 per cent. 

Insoluble mattere— ; - 2.56S per cent, 

100.284 

Besides 0.046 per cent, of sulphur, possibly as pyrites, and a faint 
trace of phosphoric acid. To every 860 pounds of ore in a charge, SO 
pounds of limestone are added, the flux being apwards of nine per 
cent, of the ore. 

Fuel: The wood for charring cuts at an average rate of twenty- 
five cords from the acre ; the cost of chopping is sixty cents per cord, 
the latter yielding in the heaps from thirty-five to forty bushels of 
charcoal. Five cents per bushel is paid for charring, deducting, how> 
ever, the coat of cutting the wood. A heap contains from forty to 
fifty cords; burns from eight to ten days, and cools five or six days. 

The wood is mostly oak and hickory ; the charcoal has four per 
cent ash and aboat the same amount of hygroscopic water. Twenty 
bushels (say, 360 pounds*) are added with a charge, or, with an aver- 
age daily prodnctioa of 20.2 tons of pig, the consumption of coal is 
0.9115 tons per ton of iron made. 

Products: The tonr qualities of piff made are No. 1 (73 per cent 
of the total production), No. 2 (16 per cent.). No. 3 (8 per cent.), and 
1^0. 1 (3 per cent.). Most of the iron is nsed in St. Louis ; the No. 2' 
is sold for car-wheel foundry purposes, and the white' is utilized at 
the bloomeries of South St. Louis. The general grades show the fol- 
lowing amonnts of foreign matters : 

I. MotOed. 8 White. • 

SUlcon -0.8260 0.611 0.768 1.180 

Manganese- 0.3419 0.374 0.273 0.266 

Sulphur. 0.0356 0048 0.047 

Fbosphorug trace. trace. trace. trace. 

*Tbe coal at the Scotia property weiebs more than elfcbteen pounds per bnsbei, 
SB tbere is less admixture or poplar woods nsed ; the weight is bUII used in tbla for 
sake of uaiTormlty. 
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Id making one ton of pig 0.716 ton of tlag is prodaced, the ( 
«tituente of which, according to oar analysoB, are : 



Ainmina ~ 6.437 per cent. 

FeiTODs oxide. 0.871 per cent 

Lime ; ~22.06S per cent 

Macneeia ^ 16.399 per cent 

aoda ; - 1.008 per cent 

Potasea « „ 0.652 per cent. 

<Calcium salphide ». 0.159 per cent 

Phosphoric acid - - 0.311 per cent. 



Phosphorus 188 

Sulphur 0.076 

The oxygen of the bases is 16.44; that of the Bilica is 27.56, giving 
ratio of 1:1.7 nearly, and showing aa a mixture of bi- and singnlo-sili- 
cates. 

The foregoing figures give the following distribution of the raw 
material for the production of one ton of pig, in the Scotia farnace : 



■Ore 1,8B5 tons, containing 


Iron. 


Slag. 
0,690 

349 

0.006 
0.083 
0.011 

0.036 


Gas. 


Oiysien -.... 




0.309 














Oiyften..: 




.011 


Jlui, 0.176 toDB, containing: 






Lime 













■Ciharcoal. 0.9116 tons, containing: 












Moisture - 

Air, 7.604 tons, containing : 

Oxygen :....... 

Nitrogen 




0.046 

1.760 
5.B11 

0.043 



By using the same factors employed for the calculation of the 
Maramec, with the new variables given in the above, the number of 
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ton units of heat necessary In the Scotia farnace may be approxi- 
mated closely ODongh for parpoaee of comparison : 

Ton DDita of heat neceasary : Units. 

Por reducUon of tbe Iron » 1G&7 

" carbon ImpresDation _ 87 

Expulsion of carbonic acid ftom limestone 66 

Decomposition >' " ■' 313 

E>ecompositlon of wat«r trova blast and charcoal ~. 298 

" sUica 80 

Fasion of the plg_ 3S0 

" " Blag 855 

Transmlsaion tbrongh the fomace walls lOO 

Carried off.in the toyere water. 14 



In this case the hot blast faroishes : 

7.604 tons X 826" X 0.389 = 686 

Leaving. _ 2903 

to be furniefaed by the fuel in the fainace. If 21 per cent, of the car- 
bon of the fuel vere bnrned to carbonic acid, and 76 per ceat bamed 
to carbonic oxide, tbis calorific power woald be produced, while if 
the same quantity of carbon were consumed in the propotiona givea 
by Oraaer for the carbon burned to carbonic acid and oxide, there 
would be produced 3.184 ton units. The neceeeary heat is therefore 
9J percent, of the ideally poasible. 

The record of the results reached by this furnace are coafirma- 
tory of the view that the fuel consumption must'approach very closely 
to tbe pOBsible minimum. (For dimensions, etc., see plate 1.) 

MIDLAND FUBKACE. 
(Sue. 2, T. 87, R. 4 W., Cr*wfok» Cocnty.) 

The Midland furnace was put in blast April 10, 1875. From the 
accompanying section [Plate 2J it will be seen that in itscoBstrnc- 
tioa there are features differing from those ordinarily obtaining in 
tbe charcoal furnaces of this State; but the campaign was too short to 
determine how far these novelties were advantageous.* 

Theory used was mined at the Ferguson bank (SW^ Sec. 18, T. 34, 
K. 5 W.) near Salem, Dent county. The mean of two analyses (after 

* This furnace has ag^n gone into operation after changing form to that of the 
Scotia. Work was resumed In April of tbe present year (1877). 
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oalcnlatiDg the BmsU amoant of ferrous to ferrio oxide) gave the 
following compostti6n for the ore: 

Ferric oxide. -.... 61.942 per oent. 

Alamina „.....-_ '. 8.760 percent. 

SlUoa - 7.661 percent. 

Ume - 0,956 per cent. 

Hagneala 0.064 per cent. 

Sulphur _ 0.038 percent. 

Pbospborlc Kcid 0173 percent. 

100.494 

MetalUc Iron '. 67.86 per cent. 

Pbogpborna 0.056 per cent. 

The Hux is a magneaian limestone containing : 

Calcic carbonate— 51.931 

Ua^ncsia carbonate _ 38.871 

Ferrio oxide and alumina 0.786 

Insoluble matters— _.,. 7.478 

besides 0.028 of BQlphnr and 0.050 of phosphorio acid (equivalent to 
0.022 of phosphorns). 

The Charcoal contained 4.97 per cent, tnoistare, and 8.65 of ash 
matters. The charge consisted of 48 bushels coal (say 864 poauds), 
1,500 pOnnds ore and 450 pounds limestone (-=30 per cent, of the ore). 
The average run of pig was twenty-two tons daily, and the consump- 
tion of raw materials per ton of produced iron was aboat 1.737 tons 
ore, 0.522 ton flux, 1.171 tons charcoal and 9.560 tons air. The blowing 
cylinder is five feet in diameter, with a four feet stroke ; the nvmber 
of levolations per minate is 25. The blast left the tuyeres (four in 
number) with a pressnre of 2^ pounds ; hot blast was used, the lem- 
peratare being, probably, about 825° C. 

In a specimen of this pig we found : 

Qraphltlc carbon.. 3.780 

Combined carbon- „ 0.360 

Silicon- 0.6eft 

ManpuieBe- a673 

Fboapborus -, trace. 

Sulphur ! 0.028 

Iron, by dUTereoce » 96.BS8 

100.000 

A specimen of the slag, taken at the same time, gave a per cent- 
age composition as under : 

Silica «.676 

Alumina.-. _ 18.489 
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FerrdoB oxide 

Hagneaia- 

Potassa. 

Soda- 

Caldnm Biilpblde.... 
Phosphoric add 



Pboepboroae - 0.183 

SDlphur 0.143 

The silioa contains 22.221 of oxygen, and the aggregate of oxygen 
in thie bases is 18.556 ; giving a ratio of 1 1-5 to 1, and ehowing the slag 
to be composed of Bingalo and bisilicates in the ptoportion of two of 
the former to one of the latter [or 2 (2 RO SiOa) + RO SiOj]. The 
production of Blag per ton of iron woald be by calculation 0.674 ton. 

We have fewer figures for arriving at the heat requiretnente of 
the Midland furnace than for the others, bnt ftom the data above 
given the following may be calculated and wilt be approximately 
correct : 

DiSTKIBDIION OS HATIRI&La IN THE HiDLAMD FOBNACB. 

(Per toD of pig Iron made.) 

Iron. Slag. Oas. 

Ore, 1.737 toDs, contalDlnft: 

Iron „ 0.960 

Oxygen-... 0.411 

Ferroua ozIde_ 0.046 

Oxygen- 0.006 

SUlcon 0.006 

Oxygen 0,008 

Silica.- 



Alumina '. 

Magnesia 

Flux, 523 ton», containing : 



Silica-... 
Lima 



Magneala 

Carbonic acid... 



GbarcoaJ, 1,171 tona, containing: 
Carbon 



Blaat, 9.560 tona (water, 0.&64) 9:660 
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Uorresponding to this dietribation of materials, and with the con- 
stants used before, we find : 

Ton units of heat necesEary. .. 4,260 

From wbicb deduct no Its furnished by blast- 748 

Le&ving to b« rUrniahed b; 0.982 ton carbon of fuel S,617 

Of the given amonot of carbon, 19 per cent, mnat be burned to 
carbonic acid, and 81 per cent, to carbonic oxide to produce the above 
named heat-nnits to be famished by the fuel. If the carbon were 
bnmed as in the ideally perfect consumption, 4818 heat units would 
be produced, and the amount actually neceseary ie 73 per cent, of this 
ideal. 



HOSELLE FURNACE. 
(Sic. 14, T. 42, R. 1 E., Franklin GotmTY.) 

This famace was built in 1857, and is owned by Messrs. I. U. Brown 
& Co., of YoungstowD, Ohio. It is located within three-fourths of a 
mile of Moselle Station, on the line of the Atlantic & Pacific Eailroad. 
, [For dimeneioDS, etc., see plate L] 

The ore used was mostly from the Benton Greek Bank, in Craw- 
ford county, (Sec. 32, T. 36, R 5 W.), on the line of the Salem & Little 
Rock Railroad, (Description of this deposit ie to be found in Report 
of 1872, pp. 13i,et8ei}.) Some limonite ore from a deposit in the 
vicinity of and belonging to the furnace company, is also used. The 
following are the results of analyses of these ores: 

Hematite. Limonite. 

Ferric" oxide 92.486 73.766 

Ferrous oxide-. 3.59S 3.6SI 

Alumina 0.916 5 879 

Ume.- trace, 1.116 

Magnesia 0.639 0818 

Silica- 3.132 6.7oa 

Sulpbur- .: 0.042 Sulphuric acid 0106 

Fhospborio acid- 0.007 

Water 10 29* 

10a820 S9.902 

MetaUlclron 67.530 63,630 

Sulfur 0.042 0.113 

Pbosphorue- 0.003 None. 
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The Hux ie a tnaKDesiao limestone, compoaed as noder : 

Calcic carboDate _ _ 53,061 

Uagnealc carbonate— ^ 87.122' 

AlumiDsandfleiTic oxide— 1.581 

iQsolnble mattera .'. S.419'. 

100.13a 

It cootaiDS also, by special examination, 0.061 of enlpbar and 0.015 
of phosphoras (0.031 phosphoric acid). To six hnndred poands of 
ore in one charge, 150 poands of flax (or 26 per cent.) and 23 busbels 
of charcoal are added. The charcoal contains 4.03 per cent, moistare 
and 2.24 of ash. From one hnndred to one hnndred and ten charges 
are made e,Tery twenty-fonr hoars. The yield is' from seveoteen to 
twenty of pig iron daily, and the materials consnmed per ton of iron 
are 1.651 tons of ore, 0.421 ton of flax, 1.034 tons of charcoal and 6.025- 
ton s of air. 

The resnlts of analyses of the several grades of pig iron are given 

below : 

No. 1. No. a. No. 8. Uottled. White. 

CarboD, graphitic...! 1.860 2.608 1.013 0.812 a34e 

CarbOD, combined 1.688 0.6S2 2.601 2.021 S.S38 

Silicon » not est. 0.459 0.634 0.41S 1.556 

Uanganese 0.670 trace 0.164 0.185 0.096 

Fbosphoriu trace trace trace trace 0.039 

SulphQF. ,.. 0.160 0.099 0.066 0.177 0.113 

Iron. 96,202 95.631 96.392 94.614 

100.000 100.000 100.000 100.000 

The slag produced is, by calculation, 0.404 ton to the ton of iron,, 
and gives on analysis: 

Silica. _ 48.819 

Alumina. » 4.098 

Perrons oxide 2.^4 

Lime - -.... 27.596 

Magnesia _ 11737 

Sods _ 0.781 

FotasBS. ,-. 0.650 

Calcium snlpbide _ 0.622 

Phosphoric add » 0,277 

09.999 

Sulphur. 0.276 percent. 

Phosphorus 0.120 percent. 

Oxygen ratio of bases to scid.~ 1: 18-8 nearly. 
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DiSTBIBUTION 

Ore, 1.661 tons composed of : 


F Hatxruls. 

.Iron. 


Slag. 

0.062 

0.077 

0.085 
0.12$ 
0.076 

0.028 


Qas. 






0.3DS 




































Flux, e.421 tOD, cODtaining : 
























Obansoal, 1.094 tons containing : 






Ash 






Moisture „ 






Air, 6.025 tons containing: 




1.3S6 






4.623 
0.016 


Water. 





The total number of heat unite required per ton of iron ia found 
to be 3,805, o\ which the blast furnishes 464, leaving 3,341 to be pro- 
dnced by the fuel. If 84^ per cent, of the carbon were burned to 
cabonic oxide, and 15^ per cent, to carbonic acid this calorific power 
would result; if, .however, the carbon were consumed in the propor- 
tions theoretically adopted, 4,912 heat units would be produced; hence, 
the number of nnite required is equal to 67 per cent, of the theoreti- 
cally pOBBible amount. 

BOULLINGEB CBEEK FURKACB. 
(Sbc. 1. T. S9, B. 18 W; Camdkh Comrrr.) 

[For dimensions, etc., see plate III ; and for character of depositi 
furnishing the ores, see Schmidt, in report of 1872, 183 e2 aeg.] The 
furnace used the limonite and specular ores of the Osage river district 
with an average furnace yield of sizty per cent, the ores being pre- 
Tiously calcined. A charge consisted of 600 pounds of roasted ore, 
20 bushels (360 pounds) of charcoal and from 30 to 60 pounds of lime- 

- . Ac 
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stone. The prodactioo was from 15 to 20 tons per twenty^four hours, 
with a cODBumptioD of 150 basfaels (1.205 toas) per ton of pig. 

PILOT KHOB PUBNACK. 
(iron oodhtt.) 
[Plates lUand IV.] 
[Notes of Dr. Adolph Schmidt,] Roasting the ores Ib done with 
the charcoal braze (or fine charcoal from the charring) in heaps of 
thirty feet vidth, fifty-feet length and twenty feet height, containing 
3;200tonB. The layers of ore, eighteen inchea thickness, alternate 
with layers of the braze of ttom seven to eight inches thick ; the 
heap horning from two tO three months. A charge is made Dp of 22 
bushels of charcoal, 760 ponods roasted ore, broken to nnt size, and 
con^iBting of three-fourths Pilot Knob and one-fonrth Shepherd Monn- 
taia and 17 pounds of raw limestone per hundred of ore (= 129 pounds 
per charge.) In a campaign of the farnace, lasting sixteen months and 
twenty-three days, there were prodaced 8,267 tons of pig, with the 
consumption of 910,000 bushels of charcoal, or 134 bushels per ton 
prodaced. In that time the average daily production was 16.4 tons. 
The iron is very grey, looking almost like coke iron. Pilot Knob ores 
do not melt as those from Shepherd Mountain, but the latter do not 
make enough cinder; the best results are obtained with the mixed 
ores. The pressure of the blast is from 2^ to 3 pounds ; the tempera* 
tore is between 700° and 800° Fah., and the air enters the fur- 
nace through three three inch toyereB. The heating of the boilers 
and of the blast is done by the furnace gases ; the hot blast apparatus 
consiBting of six rows of double pipes — one ton weight each and cast 
in one piece. The blowing apparatus consistB of two upright blowing 
cylinders, four feet diameter and six feet long, the pistons connected 
by gearing with one horizontal steam cylinder, two feet diameter and 
five feet long. From six to eight revolutions per minute are made 
when the pipes do not leak. (For dimensions of furnace, etc., see 
plaite IV. j 

IRON MOUNTAIN FURNACES. 
(iron oodntt.) 
[Plate ni.] 
[Schmidt's Notes.] The principal object of roasting is to facili- 
tate the breaking of the ore, and surface ore, which is partly small 
and generally easier to break, is often not roasted at all. There seems 
a a^lO 
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to be a farther advantage in the roasting, for it is claimed that a 
higher daily production can be reached by the use of ench ores, which 
may be accounted for by the eplittine up and softening by roasting, 
80 that less time is required for reduction and carbnnetting. The 
roasting is done in a similar manner to that practiced at Pilot Enob. 

There are two old furnaces, the western, No. 3, and the eastern^ 
No. 2; the Gist holding from one hundred and fifty to two handred 
bushels more than the other. £ach has two tuyeres of 8 inches diame- 
ter. The blowing engine for No. 3 furnace has two cylinders, two and 
a half feet diameter each, and five feet stroke, with from 18 to 22 revo- 
IntionB per minnte. For No. 2 there are three cylinders, two and 
three-fourth feet in diameter and five feet stroke, and with from 12 ta 
15 revolutions per minnte. The preaenre of the blast for the latter is 
4 to 5 inches of mercury, (2 to 2^- pounds,) and lor the first, 3 to 4 
inches of mercury (1^ to 2 pounds.) 

The furnaces are now smelting only surface ores, which work 
harder and make a somewhat harder iron. The charge is made up of 
700 pounds of raw ore, 70 pounds limestone and 20 bushels of char- 
coal, and rnns gray iron. From 55 to 58 charges are made daily, giv- 
ing from 18 to 20 tons pig iron. The latter is increased from 1^ to ^ 
tons when roasted ores are used. Furnace No. 2 requires 124 bushels 
of coal per ton of iron, and No. 3,119 bnahels. Both furnaces run 
very irregularly, making frequently mottled and white iron ; this is 
especially true of No. 2 furnace. 

The Iron Mountain ores require a strong blast; they are apt to 
run dry, making too little cinder. The limestone used at the fur- 
naces, though being magnesian and of the same general character as 
that used at Pilot Knob, looks considerablj purer, containing less 
green clay and less red silicious matter. This may partly account for 
the fact that much less of it is used in the Iron Mountain charges; 
besides there are the further facts that the ores are richer and less 
attention is paid to the regular production of gray iron.. 

IRONDALE FURNACE. 

(WASHINGTON COUMTT.) 

[From Dr. Schmidt's notes]— This furnace runs on Iron Moun- 
tain ores, in mixture with limonites horn the Marquand or the Com* 
wall banks in Madison county> or from Marble Hill, Stoddard county^ 
or from several localities within two and a half miles of the works. 
The charcoal braze, of which from eight to ten per cent, are produced 
in the burning, is used for roasting the ores. A fnmace charge i& 
composed of 650 pounds roasted Iron Mountain ores, 70 pounds roasted 
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limonites from the TarioiiB localitieB, and 60 ponndB limeatone and 31 
bushels of charcoftL One hundred and eight charges are made 
per day. 

The limestone is qQarried clo8« to the famaoe. It is magnesian 
and is rather cleaner than that used at the Pilot Enob furnace, bnt 
not BO clean as the Iron Mountain flux. 

The charring is done by contract, and at distances ranging from 
two to ten miles from the furnace. A pit contains nsaally about forty 
cords and burns from twelve to sixteen days. A cord of wood — 
chiefly oak and hickory — yields from forty to fifty bushels of charcoal. 

The blowing engine has a steam cylinder twenty-two inohee, and 
one blast cylinder of five feet diameter, with six feet stroke. From 
ten to twelve revolutions are made per minute. The pressure of the 
blast is 4^ inches of mercury in the engine room, nnd 3 inches at the 
furnace (1^ pounds). The heating apparatus, (which, like the boilers 
is heated with the furnace gaeeB) consistB of two double ovens, con- 
taining each a double row of ten pipes, or forty pipes in the full ap- 
paratus. Each pipe weighs about nineteen hundred pounds ; the 
pipes are cast in St. Louis. The temperature is about the melting 
point of lead. (For form of pipes, dimensions and outline of furnace, 
see plate III.) 

The furnace has two tuyeres (3f inches diameter). A campaign 
lasts from nine to fourteen months, and ends with the smelting of the 
hearth stone, which is brought from the Cedar Creek quarries about 
six miles distant. Four taps are made in twenty<four hours. There is 
no stoppage at tapping, and the hearth is closed at once. The product 
is 22 tons daily, and the consumption of fuel is 125 bushels of charcoal 
per ton of iron made. 

Attention is called to the fact that the production of iron is 
usually larger in reality than the furnace records show. This arises 
from the practice, in weighing each day, of noting only the thouBands, 
and disregarding the hundreds that are over. There is also a wide 
range of values of the standards of weight, tending to complications 
and somewhat confusing in calculating ratios of products to raw 
materials. In furnace practice, one ton of limestone is 2,268 lbs., and the 
same weight holds good for the ore and cinder ; a ton of iron is 2,240 
pounds, and one ton of fuel equals 2,000 ponnds. In the calculations 
on the preceding pages, the raw materials have been reduced to the 
standard ton for pig iron (2,240 lbs). There are also great diflerences 
io the weights of charcoal ; at Iron Mountain a bushel of the coal is 
estimated as weighing from 18 to 25 pounds ; at Irondale from'22to 28 
pounds ; at Pilot Knob from 22 to 25 pounds, while at other localities 
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the weights are from between 15 and 22 pounds. In Boch, almost in- 
extricable confasion, it was deemed best to select an uniform weight 
of eighteen pounds per bushel, fot making comparisoDB of the fuel — 
consumption at the various furnaces, and reaching thereby results 
which, while they may be somewhat too low for some of the furnaces, 
probably are not widely different' from the actual expenditures of char- 
coal necessary to the production of one ton of pig iron at theMiesoan 
fnmaces. 

There are also differences in the readiness with which ores from 
different localities give up their oxygen to carbonic oxide. Thus the 
ores of the Atlantic and Pacific region are generally more easily 
redaced than those of the Iron Moantain district, the latter allying 
themselves more closely with the " strengfiiissig," and the former 
coming near to the " leichtfliissig " ores of the (j^erman writers.* 
While this difference certainly does make itself felt in actual Inrnace 
experience and practice wich Missouri ores, it can hardly be regarded 
as sufficiently well understood or established, nor as being of sufficient 
magnitude to enter as a factor iii comparing the results of iron smelt- 
ing in this State. Ignoring this little understood, and in reality, 
triffling difference, the differences in the results of the various furnaces 
as far as regards the charcoal necessary to the production of iron 
must be sought for elsewhere. 

It certainly seems that the ^tme involved in those various reac- 
tions which result in the production of iron, must be only variable 
where furnaces, working under similar conditions respecting ores and 
fuel differ in height and other dimeusions. Enlarging or diminishing 
the volume of the furnace, and thereby lengthening orshortening the 
period of working beyond normal limits, not yet defined, may cause 
less of calorific power by making the reactions between CO and the 
ore, and COj and the carbon, less or more rapid, and thus destroy that 
balance, between the finally escaping carbonic oxide and carbonic 
acid, which has been hypothetically taken to represent the most 
advantageous combustion of carbon possible in the blast furnace. If 
the proper velocity of descent could be determined with accuracy 
and rigor, the proper proportioning of the height and volume of the 
furnace to the work to be done would become easier ; at present it is 
known that with similar ores it must be less with coke than with char- 
coal, and hence, smaller sized charcoal furnaces have relatively larger 

*0n this point Bell writes {Chmnical PhenoTTitna of Iron Smelting,^. i22): "If. 
tbe«e words are to be tnken in their literal seoseof comparative EuaceptlbiUty to fusion, 
their iiae, In my opinion, may lead to error. * * • The actual cause of lesser con- 
eamption of combustible in small furnaces, I have conceived and described as beins 
d ue to difference in susceptibility of reduction, and not of fusion.'' 
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production than the larger apparatns necesBary for coke oi raw coal. 
Hence, also, the reactions take place lees rapidly in the latter than in 
the former, and a smaller weight of charcoal is neceBBarily consumed 
to the nnit of iron than is practicable with the other fnels, while it 
also follows that, the necessary heat remaining aboat constant for the 
ton of iron however prodnced, more of the small weight of carbon in 
the charcoal must be bnmt to carbonic acid (with its 8,080 heat units) 
to produce that heat effect than will be necessary with the larger 
weight of carbon in the coke. This last is corroborated by the results 
of analyses of gases from charcoal furnaces, always showing a much 
larger per centage of carbonic acid than do those of gases from coke 
furnaces. 

These points connected with the rapidity of descent in the fur- 
naces will, perhaps, be more evident to a non- professional reader by 
an examination of the following table, which contains in the last col- 
umn the number of cubic feet of furnace room concerned in the pro- 
duction of one ton of iron in twenty-four hours, calculated from the 
data in the fourth and fifth columns : 



FURNJCB 


FUBL. 


B1.AST. 


fff 


Si 
\ n 

II 
1% 




i 

If 


Maramec 




Cold 

Cold 

Hot - 

Hot - 

Hot - 

Hot. 

Hot 

Hot- 

Hot».... 

Hot - 

Hot- 

Hot - 

Hot- 

Hot- 


1,046 
1,080 
1,489 
8,436 
1,191 


18.8 

17.6 

30.2 

32 

17,5 

16.5 
22 
19 
19.3 

? 
35 
88.7 
37.5 
33,2 


1.221 

1.206 
0.912 

1.171 
1.094 

1.079 
1.911 

955 
0.997 

2.875 
2,457 
2.615 
2.880 
2,279 












Charcoal 






Charcoal 






Charcoal 






Charcoal 






Charcoal 


1,889 
1,668 
1,143 
J, 023 
6,461 
5,514 

8,680 
8,100 






Charcoal 
















Slo. Furnace Co 

Booth St. LouU 


Coke and raw coal- 
Coke and raw coal.. 
Coke and raw coal. 
Coke and raw coal. 
Coke and raw coa]_ 
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The last two are Illinois furuacea werkiog oa Missoari ores. The 
figures for them and for all the coke farnaces are taken from the 
notes of Dr. Schmidt (1872,) which were collected for the Geological 
Survey bat never made public* Even at this late date these notes 
possess BO much valae as to make them worthy of a more permanent 
and more accessible form. They are therefore produced here with 
but slight changes in the phraseology. The notes of the Illinois fnr- 
DaceB are omitted. 

[Dr. Sehmidt't NoUa on tkt St. Louis Induatrial DUtriet.'\ 

SOUTH ST. LOUIS IBON OOMPaKT. 

(Cabonsblet.) 

[Plates V and VI.] 

Two blast furnaces situated a few hundred yards south of Station 2, 

Carondelet. 

Ores : Iron Mountain specular ore, principally ; surface ore and 
bank ore mixed, usually about one-third of the former, but not always 
in regular proportion. No difference has been noticed between these 
two kinds of ore, although the surface ore has never been run alone, 
while the vein ore has. Iron Mountain ore alone works too dry, and 
is therefore mixed with some brown hematite. About a year and a 
half ago, Pilot Knob ore was tried, but complaints were made of the 
lack of strength in the iron for foundry and for nail works. Brown 
hematite was not used at that time; the mixture contained twenty* 
five per cent. Pilot Knob ore. There was no considerable difference 
in the yield noticed. 

The brown hematites come from Southeast Missouri, from the 
vicinity of Fredericktown and Marquand, on the Iron Mountain Rail- 
road. The soft, red hematites from the line of the Atlantic and 
Pacific Railroad are sometimes used to the amount of twenty to 
twenty-five per cent, of the charge. It is preferred for softer and 
purer irons. The same amount of flux is used for the red or the brown 
hematites ; the latter are used only when the red is not to be had. 

Coal : Brazil, Indiana coal, reaches the works by the Indianapo- 
lis and St. Louis Railroad. Big Muddy coal, from Grand Tower, Illi- 
nois, is brought by boat one hundred and twenty miles up tl\e river. 
When coke is to be had, it is mixed with the coal and improves the 
rnnning of the furnace on grey iron. The coke comes from Connels- 

*It was the intention of the writer to have emended these not«s, brining them 
down to a lflt«r period, and to have illustrated the furnaces work byaaaiyscB of the 
materials and prodaots. On account of the unfavorable condition of the Iroa industiy 
this work was so long delayed that other laboratory work took precedence, and time 
did not allow its being completed to date. 
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Till0, and the necesBity of transportation by rirer rendera the snpply 
uncertain. Ooke from £ast SL Loais is now being tried. 

Bloioing Engine. — Old: One steam cylinder 34 inches diameter 
and 7 feet stroke ; the blowing cylinders, 16 inches diameter and 7 feet 
stroke ; two fiy-wheels, 13 tons each, 18 feet diameter. Temperature 
of blast 800° to 900^ Fah.; pressare, 4J ponnds ; pressnre of steam EO 
to 85 pounds; reTOlntioD8,16. New Engines : Two, horizontal ; steam 
cylinders 29 inches each; two bloiring cylinders, 7S inches, each; 
length of stroke, 6 feet ; one fly wheel, 12 tons. 

Hot Blast Apparatus : No. 1, 16 feet wide, 25 feet long, with 65 
syphon pipes, 12 feet high, and 5 bed pipes. There are therefore, five 
Bystems of thirteen pipes each. No. 2, 28 feet 4 inches long, 17 feet, 
8 inches wide, with 78 syphon (12 feet) and 6 bed pipes. 

lUmlli for iht year ending May SI, 187i. 

Namberof charges made. .'.._ „.....Il,m6 

Foel used : 

Coal - ~ .18.904 tons. 

Cote. 8,639 tons. 

22.648 ton*. 

Ores used : 

Iron Moantain ,18,113 tODS. 

Tenn. brown bematJte ~ _ 241 tons. 

Hermitage, red bematite (&. & F. R. B) - 342 tons. 

13,696 tons. 

Puddle cinder 789 tons. 

Flox ~ 3,846 tona. 

Product : 

ii'ouDdrr, No. 1 ~ -2,710 tons. 

Foundry, No. 2. _ Ji..^l tons. 

Foundi7,No.d ..„......,.„ „ 

MiU iron. No. 1 - -4,441 tons. 

Hill iron. No. %.', ■. _ 776 tons. 

CastinicH .- — - 26 tons. 

Total - _9,179 tons. 

[From the above the following are calculated : Yield of pig from 
the ore, 67 per cent; fnel consumed per ton of ore smelted, 1.6 tons ; 
fael, per ton iron produced, 2i4 tons; flux per ton of ore, 0.25 too; 
flux, per ton of iron, 0.36 ton.— 0. P. W.] 

[Dr. Schmidt's notes on markets, freights, elc, are, for obvioas 
reasons, omitted. — C P. W.] 

Missouri Furnace Companj/j(Pl&te VII,) Jnly 6, 1872. Two blast 
furnaces situated near Station 2,'Oaroudelet, a few hundred feet north 
of the station. One furnace running, the other in repairs. Oreti 
Iron Mountain, arriving by I. M. R. R.; the cars are pushed into the 
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shed, and in noloadiDg the large pieces are separated by hand from the- 
fine. Thflcoarseore is boiated Ota an iacline to a Blake breaker, and 
crnebed to a fist size. No roaetlDg of the ore; surface ore works 
egaally well with the other. Pilot Knob ores have never been 
worked. Ten per cent, biown hematite, QBed, nncroBhed. 

Coal: Usaallyrnn with Big Maddy coal with one-fonrth coke. 
Indiana coal is naed only in case of necessity, bat does not make so 
)^od quality of iron. Coal alone does not affect the quality of the iron, 
bat the furnace is liable to bang and does not run so fast as with the 
mixed coal and coke, the latter giving from 30 to 45 tons of iron 
against 30 to 35 tons with the coal alone. Coarse coal works almost 
as fast as coke. 

Connellsville or PJttRbnrg coke is nsed, reaching the works gen- 
erally by barges down the Ohio. Connelsville coke weighs about 3S 
pounds per bushel, and the cost by river transportation is 18 cents 
against 20 cents per bushel for the same by rail. The difference in the 
price is therefore $1.20 per ton , estimating 60 bnshels tothe ton. 

Blowing Engine, etc. — One engine, two horizontal cylinders 
about 6 feet by 55 feet 3 inches, directly connected with steam cylin- 
der (29 inches [?]); 6 feet stroke; 25 revolutions per minnte for one- 
furnace, or 35 for two. Steam pressure, 70 ponnds, bnt only 40 ponnds 
are needed in the cylinders, the rednction being effected through 
the steam valve. The boilers are six in number, each of 40 feet 
length. 

Hot Blast Apparatus : One system has four rows of eight or 
thirty-two syphon pipes; the other, six rows of eight or forty-eight 
pipes. Temperature of blast— -900° Fah.; pressure 2^ to 3 pounds. 

furnaces : Have eight tnyeres of fonr inches diameter. The two 
furnaces have the same dimensions, No. I has, however, a closed top. 

Charge : For grey iron : 

IroD Uountain ore (uDcrasbed) _ 2.500—8,000 pounds. 

Cornwall (raw) " ) " ) _ 2,000—8,000 pounds. 

Llmestooe - ^ 20 pei* cent. 

Coal and coke, 8 barrows, at 10 bushels (of 64 lbs each ftir coal or 85 lbs for 

The yield is 66 per cent, of iron from the ore, and the consump- 
tion of fuel is from 2^ to 2^ tons of mixed coal and coke per ton of iron 
prodaced. 

Carondelei Iron Worhs^ near station No.2, Carondelet: This fur- 
nace is under the same management and uses similar materials to- 
those ased at the fnrnaces of the Missouri Company. It was put np^ 
in 1852, as an experimental furnace, to test the smelting of Iron Moun- 
tain ores with raw coal. The furnace has a closed front, open top, 
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and has fire tayerea, none above the tjmp. Its prodaction is from 
eigbteea to twenty tons daily. 

The hot blast apparatus has tvo double rovs, or about forty pipes 
(Scotch pistol-pattern). Temperatnre of the blast 6O0°-7O0°; pres- 
anre 2^ poande. Practice and results, the same as at the Missouri 
Company's furnace. 

Vulcan Iron Works : The two fupaces of this company are ran 
chiefly with Iron Mountain ore with ten per cent, puddling cinder. 
Sometimes mix Pilot Enob ores and sometimes brown hematites from^ 
Iron Mountain R. E., or Atlantic and Pacific B. R, or from Osage 
river (pipe ore) or bog ore from Southern Missouri or Arkansas. The 
proportion of Pilot Enob ore used is from one-sixth to one-fonrtb the 
weight of the Iron Monntain ore with which it is mixed. 

The fnel is mixed Big Muddy and Indiana coal and Pittsburg 
coke — one third of each. 

Both of the existing furnaces [July 10, 1872,] are alike, and have- 
the dimensioDS indicated in the sections [plate VIU]. Each has eight 
tnyeres. One larger fnmace, eighty feet high and twenty feet bosh is 
being built, especially for Bessemer iron, to rnn with coke alone, or 
with coke mixed with a little raw coal. 

Diameter of tnyeres, 4 inches ; temperature of blast 800°; pres- 
sure, 2^ to S^ pounds. 

A charge is 1,600 pounds coal, 1,700 pounds coke, 3,300 pounds 
crushed ore (Iron Mountain) and cinder, and 1,000 pounds {= 30 per 
cent.) limestone. Forty charges are made in twenty-four hours to- 
each furnace. The actual production is from 70 to 80 tons of iron 
from the two furnaces. 

Puddling Mill ; Eighteen double faraaces ; charge 1,060 pounds,, 
with five heats in eleven hours ; labor, five men to a furnace; fuel, 
forty bnshels of Belleville, Illinois, coal to the ton of puddle bare. 

For head plates for rails, the following mixture of irons is used : 
1-6 Tennessee charcoal, (Wayne furnace); 1-6 Wisconsin charcoal 
iron ; i Iron Mountain charcoal, and i Vulcan Iron. 

Bail Mill, has ten heating fnmaces and twenty two inch trains 
with a capacity of 90 tons of finished rails in twelve bonrs. The en- 
gine is 350 horse power. 

The consumption of fuel for puddling, heating and all purposes is 
eighty bushels to the ton of finished rails. 

The analytical results relating to the charcoal furnaces Kre col- 
lected on the following two pages, for convenience of reference. 
They include the analyses of the fluxes employed, of the slags pro- 
duced, with the oxygen ratios, and of the several grades of pig iron 
mannfactured. 
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SHAMON COUNTY. 



GEOGRAPHI", TOPOGRAPHY AND HYDROGRAPHr. 

SbanooD coaaty, situated io the Boatheastern part of the State, is 
bODoded by the counties of ReyaoMa and Carter on the east, by Ore- 
gon coanty on the south, by Hovell and Texas counties on the west, 
and by Dent on the north. Its northern limit is township line 33 ; its 
southern, the northern line of the lower tier of sections in township 
26; its western boundary is in range line 7^ while easterly its outline 
is irregular, but its limits are chiefly to the west of range 3. It in- 
cludes twenty-six townships, and thirty-four sections, or an area of 980 
square miles. 

The surface of the county is broken and hilly, the hills rising 
abruptly or precipitously, and rarely with an approximation to a 
gentle slope from the streams. On Sec. 28, T. 30, R. 4 W., barometric 
obseryations gave the summit a height of 350 feet above the level of 
Current river, distant less than one-half mile ; in sections 9, T. 29, R. 4 
W., the elevation is 400 feet above the Onrrent. 

The largest stream is the Current river, entering the county in 
Sec. 5, T. 31, R. 6, and flowing with a very tortuous course, but in a 
general southeast direction, enters Carter county iu Sec. 16, T. 2S> R. 
1 west. It is a rapid-flowing and clear stream, with a narrow fertile 
valley, limited by abrupt hills, often with steep mural faces. Its 
chief confluents are Barren Creek and Jack's Fork of the Current. 
Barren Crebk enters Shannon county from Dent iu Sec. 6, T. 31, K. 4 
W., and flowing a general southerly course, discharges into the Cur- 
rent on Sec. 7 in the next township south, after receiving, in Sec. 33, 
T. 31, R. 4, the waters of Sinking Creek. Jack's Fork enters from 
Texas county (on Sec. 31, T. 2S, K. 6,) and with a general northeast- 
erly flow, joins the Current in the S. E. i of Sec. 9, T. 29, R. 3, after 
receiving the waters of the Delaware and Big Shawnee creeks, both , 
flowing from the South. 

Besides the main water courses enumerated, the county is abun- 
dantly supplied with smaller streams and brooks, along the narrow 
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bottoms of which escelleat farming land is found. All these are 
quickly flowing atreama, and many of them furnish fine power, which 
must eventnally be utilized foi the manufacture of lumber from the 
heavy growths of yellow pine and other woods with which the hills 
and creek bottoms are clothed. Two of these small streams are of 
sufficient interest to warrant a special description. 

Blue (or Round) Spring, on the northwest quarter of Sec. 20, T. 
30, B. 4 west, rises in a circular sink or opening in the limestone rock. 
The spring has a diameter of 84 feet, and carefal soundings reached a 
maximum depth of 48 feet. The water is of a pale aznre bine — pos- 
sitly due to the polarization of light by the finely divided limeetone 
or clay in anafienaioD — and baa a temperature of 58°5 Fah., that of 
the air being 80^°. It' has a subterranean outlet through 72 feet of 
limestone, after which the waters discharge themselves into Current 
river, at a distance of 660 feel measured on the course of the stream 
with a fall of 17 feet. The volnme of water discharged by this inter- 
eating spring we may estimate from the accompanying plan and sec- 
tions (from a carefal survey in Angust, 1875,) to be not less than 
425 cubic feet per second, or an available horse power of about 
800. The origin of this spring must be looked for in some of the sub- 
terranean water courses which are known or believed to exist in the 
vicinity. 

Mammoth Spring (west i S. E. i. Sec. 25, T. 29, R. 5 W.) appears 
near the base of an almost perpendicular bluff which has a height of 
159 feet (by the barometer) above the present surface of the water in 
the dam. The bluff rises by a gentle slope, 95 feet more to its sum- 
mit. The water has a temperature of 57° Fab., that of the air noted 
at the same time being 80°. It has the blue tint, but not so well 
marked as that of Bine Spring. A line of soundings from the base of 
the blufi* to the dam gave the following depths : 31 feet, 30 feet, 31 
feet, 27 feet, 19 feet, 15 feet and 10 feet. The surface velocity of the 
stream, determined by the time required for a float to pass an accn- 
rately measured distance of one hundred feet, near the line of cross 
section of the stream (see plan and section of Mammoth Spring, i 
Plate X), was 5.38 feet per second.* The volnme of water discharged 

must be at least 588 cubic feet per second, giving horse power. 

GBNERiL GEOLOGY. 

AreAean: Tiiis age is represented in the limits of Shannon 
■ county by the so-called poryphyry rocks of various textures, gener- 
• The obeerr&tlODs vere IS", IB", 19", ID" and 16" for the oae hundred feet ; mean, 
18."6. The observations and the survey of this and the Blue Spring were made chiefly 
by Hr. John UcGuire, a most faithflil and competent asdstant, who was with me la 
Shannon and other counties. 
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ally compact, however. They contain little or no free or visible quartz 
are highly feldepathic and generally micru-cryatalline in structure, cor- 
responding in these particulars to the rocks classified as porphyrite ia 
the nomenclatare proposed by Nanmann, the crystals not being large 
enough or sufficiently well-defined to place 'these rooks among the trne 
porphyrys, as the word is understood. In fact, the term is applica- 
ble only to rocks of certain structural peculiarities, not confined 
strictly to any special mineralogical composition, and is therefore apt 
to cause error when used to denote the latter instead of the strnctu- 
ral character. However, as the name porphyry has been nsed to 
describe certain rocks in Iron county, which are closely related, in 
physical features atleast, to those of Shannon county, and has there- 
fore become somewhat specific in application, it is deemed best to 
retain it in this connection. 

The color of these rocks ranges between a reddish brown and a 
dark pink ; masses of a fiesh-tiut are occasionally met, and others 
with a dark liver-color are still more common. They break usnally 
with a smooth fracture, inclining at times to choncoidal. 

The absence of distinctly crystalized feldspars in these rocks 
makes the determination of their mineralogical composition some- 
what difficult. A specimen with a dark brown color, showing a few 
patches or specks of lighter color scattered throughout, but of very 
bard and compact texture, from N. £. qr.. Sec. 36, T. 29, R. 4 W., on 
being treated with hydrochloric acid yielded material amounting to 
12.216 per. cent, of the rock (including 0.651 of loss by ignition, which 
belonged to this portion,) which, on analysis, was I'onnd to con- 
sist of : 

SUicic acid _ 37.27 per cent. 

Ferric oxide..... '.- „ 42,19 percent. 

Alumina , 4 29 per cent. 

Lime ■■ 1.74 percent. 

MagneBla 4.B0 per tent. 

Soda Iil9 per cent. 

PotasBa _ 8.13 per cent. 

Water 5.38 per cent. 



Qiviug an oxygen ratio for the bases, silica and the water of 
4 : 4.5 ; 1. It is probably a variety of the uncertain species, pinite, 
and a product of alteration; but is interesting from the relatively 
large amounts of ferric oxide iuid small amount of alumina. Part of 
the iron may exist, however, as a mech anical mixture, and the decom- 
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position of vhich this material ie the testilt, may bare been aided by 
the sulphides existing id these rocks. 

The portion of the rock remaiDing unaffected by boiling hydro- 
chloric acid, was of a paler color, with a tint somewhat inclining to 
pnrple, and after drying at steam heat, conatitnted 88.226 per cent, of 
the origioal rock. It contained no water, and yielded by analysis: 

Silicic acid _ 73.11 percent. 

Alnmtaa ~ 14 26 per cent. 

Ferric oxtde l.OS per cent. 

Lime _ - _ 0.31 per cent. 

Magneslft. .^ ^ -_ - trace. 

Soda. - „ - trace. 

FotasEit... ~ 11.03 percent. 

89.a* 
The oxygen of the sesquioxides (alumina and ferric oxide) stands 
to that of the protoxides (potasaa and lime) in the ratio of 3.4 to 1, 
while the ratio in the feldspars is 3 to 1. The mineral is an ottboclase 
felsite, a portion of the potash having been removed by decomposi- 
tion. The analytical rcEults point to the view that the original rock 
was a mixture of albite and orthoclase felsites, the latter preponder- 
ating. The decomposition has been most active in the soda feldspar, 
this being more readily decomposed than the potash or orthoclase 
feldspar. 

The bedding of this rock is obscure, and the differences in litho- 
logical features and in texture are so very slight that there are great 
difficulties in the way of arriving at a knowledge of the strnctare of 
the region in question. However, on section 36, there are three par- 
allel intercalatJoQh of a white quartzite rock, having a strike of 
abont N. 37? E— S. SV W., and dipping S. E., 56'— determined in the 
shafts and other openings on the copper deposits occurring in connec- 
tion with these qaartzite beds. Commencing with the most sontb- 
easterly of these, we find it to be abont twelve feet thick, and to rest 
on 18 feet of a decomposed porphyry of a dark brown color, under 
which is the second belt of white quartzite, resting on 130 feet of por- 
phyry somewhat decomposed (sample for analysis above eiven was 
taken from this bed). Below this is the third quartzite bed resting 
on porphyry, which is of a paler color, but with a purple tint, and is 
of compact and massive texture. If bedded at all, the bedding is on 
a large scale. 

The white quartzite from bed II, is enfllmed in patches with green 
stains, probably of malachite, and yields, by analysis, 0.058 per cent, 
copper (equivalent to 0.104 per cent, malachite). It, and the material 
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from the other qnartzite beds, contaiQB, especially in the seams, a 
vhite clayey material decomposable by acids, which amoQDts in the 
case of No. II, to 15.8 per cent, of the weight of the material, and ood- 
taiuB silica, alDmioa, a trace of ferric oxide, lime, raagnesia, soda, car- 
tionie acid and water. Of the remaiuing 84.2 per cent, of the rock, 
96.9 per cent is silica, the three remaining per cent, being made npof 
■alumina, ferric oxide and lime. 

The copper deposits exploited on Sec. 36 are beneath the belts of ' 
white qnartsite, resting on felsite. 

Silurian. The rocks of the caleiferons epoch make up the larger 
part of the connty. They rest anconformably on the porphyry, which 
forma the snbstracture of the region, covering the latter, excepting at 
few points, which were islands or peaks above the surface of the 
waters of the silurian sea. The most recent member is the second 
eandstone, showing on Sees. 1 and 2, T. 28, R. 5 W., with a thickness 
■of somewhat less than fifty feet ; on Sec. 9, T. 29, R. 5, and on the road 
from Blue Spring to Eminence, on Sec. 9, T. 29, K. 4, with about the 
eame thickness. At the last named locality its height above the 
Current river is 400 feet. On section 18, T. 30, K 4, the third magne- 
sian limestone rook forms the entire hill from its base on the Current 
river to its summit, 350 feet above the river. 

The heavy belts of this third limestone approach very closely to 
a true dolomite in the relations of the calcic and magnesic carbonates, 
as shown by the following analysis : 

A. B. Mean. 

per ceuL per cent. per cent. 

Calcic carbonate 65..113 55.216 55.28* 

Magaesic cftrbonate 42.533 42.374 42 4o3 

Ferric oxide and alumina. 0.984 0.9IS 0.940 

Insoluble mattew.. 1.884 1.880 1.S67 

100.193 99,836 100.014 

Deducting the Insoluble matters and the ferric oxide and alumina 
{= 2.297 per cent) and calculating then the percentages of calcic and 
magnesic carbonates, they will be found as follows : 

.Calcic carbonate- 66.56 per cent. 

Magnesic carbonate 43.44 per cent. 

whilst the molecular proportions of true dolomite refuire : 

Calcic carbonate- 64.35 per cent. 

Magnesic carbonate 4S.65 per cent 

The magnesic carbonate in the specimen examined is slightly 
excessive. 



..GoDglc 



ECOBOMIO GEOLOGY OP SHANNON CODNXy. 



ECONOMICAL GEOLOGY. 

Copper. The occnrrence of deposits of copper ores in the por- 
phyry, and their position on Sec. 36 has already been noted. The 
existence of these depoBits at this locality has been known since the 
yearlSSO, when Joseph Slater began mining operations, which resnlted 
in the production of fifteen hundred tons of copper ores, it is said, 
which were shipped to Swansea or smelted on the location. A period 
of litigation seems to have followed, lasting antil the year 1841, when 
the Aberdeen (Scotland) Mining Company camQ in possession and 
resumed work. Through what cause this company ceased operations 
I am not advised, bat the property came into the possession of the 
Current River Mining Company, and by them transferred within the 
last three years to the present owners, the Consolidated Land Com- 
pany of Missouri, whose estate comprises about nine thousand acres 
in Shannon county. 

About the year 1841 this section of country was visited by Mr. 
James T. Hodge, and his views were published in Silliman'a American 
Journal [XLIII, 65.] According to Whitney,* who bases his opinion 
on Hodge's Keport, the ores appear to be contact deposits between 
lower Silurian rocks and a reddish quartzoae porphyry of azoic age. 
At the time of my examination (1875), the older works were not in 
condition to admit of making such an examination as wonld warrant 
a positive opinion as to the nature of these deposits, but from the 
access to t^em, which was permitted by the cleaning up work of the 
present company, they seemed to be rather of the character of bedded 
veins, coincident in strike and dip with the bedding of the porphyry, 
and associated with the white qoartzite above noted, as the hanging 
wall. It is possible, however, that they may be classed as veitical 
seggregations or vein masses {siehende sioecke, Cottaf ) between the 
felsites proper and the white qnartzites. More extended working i» 
necessary before the true character of the deposits can be fixed. 

The accompanying diagram (Plate XI) and section of the part of 
section 36, on which the works have been concentrated, will show the 
positions of the deposits and the principal shafts which have been 
carried down to develop them. 

Tbe ores in the upper parts of the deposits are almost exclusively 
oxidized ores, or Secondary products from the sulphides. The anogene 
metamorphoses which have resulted in the production of such consider- 
able amoonts of the carbonates and oxides from the sulphur combina- 

* Metallic Wealth of the United States, 311. 

t Die Lehre non rfen Erzlagtrstaetten, pp. 191, et. acq. 
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tions, aod id the Bimaltaneoae liberation of so much salpharic acid, mast 
have played no minor part in the alteration of the felsitee which has 
been described. It may be that the beds of white quartz themselvee, 
possibly owe their existence to sach action, they being final products 
from the felaites after the elimination of the baeio constituents there- 
from. If thesehypothetical considerations are well founded, the geog- 
DOstic history of the copper deposits would be made np of the following 
periods : (1) formation of a fissure along a line of beddiuK in the por- 
phyry ; (2) repletion of this fissure by sulphides of copper and iron — 
these being cathogen operations — and, (3) oxidation of the sulphides 
and formation of the carbonates and oxides, with the simultaneons 
production of the beds of white quartz and partial decomposition of 
other beds of felsite. 

The gangues are almost entirely silicious ; at times small amounts of 
calcite and dolomite are found, and limonite occurs intermixed with 
the carbonates of copper, and coating larger lumps of the yellow 
Bulphide. 

The following analyses show the composition of the " carbonate 
ore" from this property : 

1. II. III. 

Cuprlo oxide 70.800 70,6*1 70 598 

Ferric oxide - 3.463 4.073 3 749 

Lime 1.035 0.845 0.804 

Magaesi& - 0.650 0.193 232 

Carl)onicacld - 16.640 16.523 16.331 

Water 7.050 7.087 7126 

Sulphur. 876 not est 1053 

Silica. _ 0.863 0.382 0.468 

100.876 100.360 

Less oxygea equivalent to sulphur 437 536 

100.43S 99.834 

Metallic copper 56.6*1 56.53 56.42 

The analyses were of a sample of several large pieces. No. I is 
the mean of two analyses by Ohmann-Dumesnil ; II, mean of two by 
James Pack, and III, single analysis by Gravens — all in this laboratory. 

The sulphides at present produced are chiefly from the cleaning 
np of the old works, no deep or systematic mining having been begun 
at the time of our visit. The larger lumps are composed of chalco- 
pyriteC^copper pyrites) intermixed with brown iron ore (limonite), a 
small amount of malachite and more black oxide or melacoaite. Two 
samples were analyzed at my request by Mr. John D. Greasoa with 
results, as follows : 
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60.001 per cent. 
1.049 per cent. 
trace. 

1.881 per cent. 
0.198 per cent 

nU. 

8.908 per cent 
11.900 per cent. 
13.409 per cent. 
ei2B9 per cent. 
Metallic copper 22.32 66.16 per cent 

The mineralogical composition of A may be calculated from the 
above analysis to be probably, a^s follows: 

Chalcopyrite 39165 percent. 

Malachite- 2.769 percent. 

Melaconlte _ 12.487 per cent. 

Ltmonlte - 83.414 percent. 

Oangiie. _ 6.969 percent. 

Samp}e B shows less chalcopyrite, and more malachite. 

The first shipment of oie made under the present organizaUon 
amounted, I am informed, to 36,213 ponnde. It was obtained in the 
work of cleaning np and exploration, and inolnded 546 ponnde of 
fnrnace bottoms and regains from the old works. Of the remainder, 
aboat one-half was lamp or cobbed ore, and the other, sand or wash 
ore, yielding respectively, 32 per cent, and 12 per cent. It was treated 
at Wheatleys' works, near Phcenixville, Pennsylvania, the route of 
shipment being by teaming to Mill Spring station, on the Iron Moan- 
tain Railroad, (at a cost of sixty cents per hnndred), thence to St. 
Louis and eastward. These figures are furnished me by Chas. T. Biser, 
the superintendent of the works, who claims that the Iron Mountain 
Bailroad can be reached, at Newport station, at a cost not exceeding 
three dollars per ton by flat- boating down Jack's Fork andtheOarrent 
river. 

The limestone near the line of junction with the porphyry shows 
small amounts of copper, chiefly in the form of malachite stains. 
These occurences are probably of the class of impregnation zones, 
and can hardly be regarded as of any practical significance. The 
Biser shaft (on S. K qr. of S. E. qr., S. 25, T. 29, R. 4), was carried down 
to a depth of 70 feet, through limestone, without reaching the por- 
phyry. Coarsely crystallized calcite and dolomite were met, and 
occasional specks or stains of malachite. 
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Iron : Deposits of hematite of the variety knovo aa blue speca- 
Ieit ore, are found ia the Baadetone. A specimeD from Sec. 2, T. 28, R. 
6 W., gave 96.205 per cent, ferric oxide, (—^7.31 per cent, metallic 
iron); 0.893 per cent alumina; 0.105 per cent, lime; traces of mag- 
nesia and phosphoric acid ; 0.018 per cent, sulphur, and ^080 per cent, 
silica— 100.101. ;Material freed from hygroscopic water, by drying 
at 102°C]. before analysis. 

The variety of hematite known as micaceons ore is found in small 
seams in the porphyry. It is said to be titaniferons, but I have seen 
no analysis, nor have I deemed the matter of sufSoient practical im- 
portance to make the examination myself. The little streams Taoaing 
over the porphyry show hlack iron sand. 

Zead: Explorations for lead have been made at several locali- 
ties, in the magnesian limestone, and in the vicinity of the Bla& 
Springs, on the opposite side of the Current. Some little galenite, 
largely intermixed with pyrite, was found. Qalenite is reported as 
having been found at other localities in the county, bnt in no larg» 
amount, nor have any depositB, as yet, been opened. The occurrence 
of the third magnesian limestone — a notable lead-bearing formation — 
is some foundation for the expectation that lead may be found, bnt it 
should be borne in^mind that the discovery of the coarsely crystal- 
lized calc spar or "glass tiff" is in itself not sufficient incentive to 
explorations for lead, even in the third magnesian limestone. This 
mineral is found largely in the limestones of southeastern and southern 
Missouri, and has been the cause of considerable outlays of time and 
money, made in confident expectation that it was invariably asso- 
ciated with lead ores. 
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LEAD STATISTICS OF MISSOURI. 



(ST. LOUip MERCHANTS' ESCHAHGB REPORTS.) 

Ltad Imporlaliom to Si. Louis for the Tujentj/ Fears from IS56 to 1S7S. 



Tear. 


Total Pounds. 


Yeah. 


Total Poukds. 




16,872,840 
13,004,400 
25,311,760 
21,160,400 
19,069,280 
9,220,720 
7,684,000 
6,385,840 
7,442,800 
9,330.880 




11,966;72& 

11, 664, 401V 
14,865,840 
18,264,240 
18,968,120 
18,369,880 
22,861,520 


































38,367,840 
46,336,160 



















DUiribufiim for Two Ttart. 

Home consumption in 1874 21,636,000 poQnds. 

Export In 1874 16,821,840 pounds. 

Home consumption in 1S75 29,600,000 pounds. 

Export tn 1874 17,786,160 pounds. 
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Partial Report 0/ Mineral and Pig Lead — IS75. 



DavlB & Uurpbj - 

Fichar& Bro 

Joplin M. and 8. Co 

LooeElniM. aadS. Co~. 

Porter & Dorsey - 

Oranby M. and S. Co_ 



Palmer_ 

Long&Buffg 

John Evens 

Other sources 

St. Joe_ , 

O^Bge Company... 
Total 



Jasper 

Jasper. 

Jasper 

Jasper 

Jasper. 

Newton .... 

Dade 

Christian .. 



Greene 

Lawrence 

Washington... 
Washington _ 
Washington .. 
Washington > 
St. Francois ... 
Miller 



Pounds. 



3,820,066 

7,142,686 

8,464,082 

36,606,400 

500,000 

175,000 

150,090 

60,000 

4,000 

1,748,430 



POITNDS. 

3,440,000- 

40,000- 

240,00* 

E, 980, 000- 

1, COO, 000 

9,000,00* 
297,797 



1,282,222 

1,250,000 

320,000 

293,720- ■ 
4,960,000 
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Prieea of Lead at St. Louis, for SO years, from ISSH. 
[Compiled from various sources.] 
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525 
6 25 




















8 62} 
12 80 
10 00 




6 87i 










6 661 







Prieet psr 109 poundi of Sa}t Missouri Ltads, by Months, for 1875. 



■ January 

Febraaiy-... 

HftToh 

April- 

May 



6 62} to S 75 
6 00 to 6 76 

5 26 to 6 60 

6 23 to 6 ST} 

6 37} to 6 50 



July- 

August 

September—. 

October, 

November- .. 

December..,.. 



$6 60 
6 75 

6 75 to ? 87} 

7 00 
7 00 

7 00 to 7 25 



Prices of Hard Lead, for last (Quarter of 1375- 



Octol>er..... 
November.. 
December- 



$6 lOperbundred. 
6 23 per hundred. 
6 20 per hundred. 
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ZINC STATISTICS. 



Produelion of Zinc Ora for 1S75. 



Wewton coirntj- - 

Jasper county— 

Dade couDtj 

■Greene county.... ^ 

'WashlDgton and other con ntiei 
Total 



8,500 tons. 
4,000 tons. 
6,600 tOHB. 
60 tons. 
4,600 tons. 
23,500 toD8. 



Contumption of Mistouri Zinc Ores for 1875. 



Ilartindale Zinc Company. 

'Missouri ZIdc Company. 

<!arondelet Zinc Company- 

For Oxide production in Hlasouii... 
Other furnaces outside the State..... 



7,800 toDS. 

4,200 tons. 

3,000 tons. 

800 tons. 

7,750 tons. 



n Missouri for 1S7S. 



'Martlndale Zinc Company-.. 

Missouri Zinc Company-,... 

■Carondelet Zinc Company-. 

Total- 



2,200 tons. 
1.500 tons. 
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Productiott of Zinc in the Unittd Statetfor 1S75. 



Lehigh ZIdc Company, PenDsylvania 

PasaaicZlncWorUs, New Jersey 

New Jersey Zinc Company, New Jersey™ 

Bergen Point Zinc Company,New Jersey 

Matthiegseo & fiegler Zinc Company, Illinois... 

Illinois Zinc Company, Illinola 

LaSalleZinc Company, Illinois 

Kobert Langen & Co Zinc Company, Illinois.... 

Martindaie Zinc Company, Uissourl- 

Hissoari Zinc Company, Missouri 

Carondelet Zinc Company, Missouri— 

Chicago Zinc Company, ] 
Reworked Zlac 



Pradaetion of Zine in 1S75, by States. 



Pennsylvania-.. 
New Jersey—... 

niinols- 

WssDurf 



Total 

Reworlied 

Stock on hand January 1, 1875-.. 
Importations during 1375. 



Stock on hand January 1, U 



16,506 tons. 
146 tons. 



Total consumption for 1875 16,368 tons. 
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■Oold prieta per hundrtd pounda of Common Siltaian in Nevi Fork, on Deeemier $l$l, of 
foUoviing years : 





$6 50 
6 37i 
6 25 

6 18i 
5 87i 










6 37i 










6 87i 

7 18f 
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NOTE ON THE OCCURRENCE OF GOLD IN NORTH MISSOURI. 
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APPENDIX B. 

NOTE ON THE OCCURRENCE OF GOLD IN NORTH MISSOURI. 

The summer of 1875 witnessed somewhat of an excitement Iq 
some of tbe coanties of North Missouri, ooBcerniDg the ocoarrence of 
gold-bearing deposits. Tbe wide-spread notioes of the reported dis- 
coveries in the neighborhood mentioned were considered of saffioient 
importance to warrant a reconnoissanoe of the reputed auriferous 
region, and accordingly at the request of Glovernor C. H. Hardia, soch 
w»B made in October 1874. 

The occurrence of gold in tbe drift of North Missouri in small 
qnantities has been noted by Broadhead,* and the distribution and 
tbe character of this drift has been described by -the same authority 
and by other members of the surveys. The wide distribution of tbe 
precious metal in small amounts has been long known to chemists, 
and has become a matter of scioatifio interest rather than oae of any 
practical significance. Messrs. Dabois and Eckfeldt,f assayers at the 
U. S. Mint, have described this natural dissemination of gold, and have 
collected some carious facts, among which maybe cited that tbe clay 
underneatb the city of Philadelphia contains one part by weight of 
gold in every 1,334,000 or ^ grains (=$0.03) per cubic foot In citing 
these results, Gentht adds : "Still more astonishing — but unfortunately 
equally devoid of practical value — would have been the results, if 
the ^avel which underlies this auriferous clay, and which is always 
richer than the clay above it, had been examined for gold." 

The occurrence of gold in the materials of drift origin being 
therefore already admitted, and tbe distribution of the drift having 
been described by the geologists of the survey, there remained only 
the necessity to establish the amount of the gold in the drift at the 
localities where, among some, tbe expectations were high that tbe 
precious metal might be profitably extracted. The following 
addressed to his Excellency, G-overnor C. H. Hardin, under date of 
November 17, 1875, has already been made public : 

Tbe gold is contained in a gravel or drift material foreign to the 
locality, the underlying rock formation being carboniferous, and unal- 



tered. This preclndefl the voBsibility of gold veins. The gravel is dis- 
tribated 9ver a wide area, attaiaiug a thickness in the county named 
^Macon] of up varda of sixty-fonr feet and consists of sands, marly or 
oaloareoQS clays, and ronnded pebbles or bonlders, chiefl^y of qaartzite, 
granite, porphyry and greenstone, the origin of which was in some 
locality which in all probability was aariferons. The fact in connec- 
tion with the wide distribution of the gravel dismisses at once the 
idea of artificial agencies in connection with the occurrence of gold in 
the loc ality. 

The large amount of this gold-bearing material, and the oiroum- 
etances of its origin being understood, it seemed to me that all that 
remained to be determined were the probabilities of its being eco- 
nomically or profitably worked. To reach this knowledge, steps were 
taken to establish the qaantitative relations of the gold to the con- 
taining gravel. 

Samples representing seven localities at Murray's Oolch, Fi i , 
T. 60, R. 16, and aggregating seventy-three and one- quartet pounds 
were collected, and treated carefully by amalgamation. The follow- 
ing are the resnlts : ■ 

Amount taken in experiment, 25,600 cubic centimetres weighing 
73.25 pounds avoirdupois. Sieved with a sieve of eight holes to the 
linear inch, giving 8,000 cubic centimetres of coarse pebbles, weighing 
S2.5 pounds or 44.36 per cent, of the weight of the orignal drift. A 
sample of the pebbles gave no trace of gold. 

The material passing through the sieve was amalgamated and 
gave .0046 grammes of bullion. 

The tailings collected weighed 25.65 ponnds (dry) equivalent to 
35.02 per cent, by weight. Three assays gave respectively 4-10, 45100 
and 45-100 ounces of bullion per ton of tailings. 

A cubic foot of the moist drift as received at the laboratory 
weighs 97i pounds. 

The bullion obtained was 711— l.OOOths fine. 

The above data gives the following for the valne of one ton of 
2,000 pounds of earth : 

Gold .68.13 gT^nsor $3 51 

Silver- 9.67 grains or 03 

Total- 67.70. p> 03 

or at the rate of $3.25 per cubic yard. 

Under circnmstanceH where large quantities of earth can be 
readily handled, with abundance of water and great fall of the water, 
an amount considerably below this can be profitably worked. Nei- 
ther of these conditions obtain in the region in question. 

The distance of the drift from its place of origin would lead us to 
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■expect that the gold wonld be of the character of small particles of - 
the shape aud weight best salted for long suspeneioD in water, a mode 
■of occarrenoe whicli woald greatly iocrease the difficulties of extract- 
ing by mechanical processes, even were the topographical conditions 
favorable for sach. The resnlta of panning the drift of Macon county 
make it evident that the gold exists in fine particles, and aluLOst 
entirely in the form of "scale gold," which it woald be difficult, if not 
impossible, to save by the process of washing. 

This is substantiated by a second experiment in which 1.76 cubic 
feet or 176^ pounds from six localities in Lilly's Gulch (aboat six- 
milea northwesterly from the locality of the material of the first ex- 
periment,) were passed tfaroogh a ".rocker" by an experienced hand, 
and concentrated op to 1^ oances of fine material. This amoant 
was divided into three aneqaal parcels, (for convenience in assaying) 
and an assay gave as follows : 

¥int lot ftom rocker. — » .O.OOIB gramme. 

Second lot fhiin rocker. _O,0O92 (cramme. 

Third lot from rocker, _ 0.0036 grsmme. 

Total gold in 12J oanoes 0.0136 

By calculation this will be found to be eqaal to 2 ^ grains of 
fcallioaper ton of 2,000 pounds of original earth with a valae of some- 
what less than tea cents, or at the rate of about 13 cents per cubic 
yard. 

If the samples drawn for and used in the assays, were representa- 
tive of the gravel — and every effort was made to have them such — 
then the results are not encouraging for profitable extraction of the 
.gold. Under the economic conditions surrounding the deposits, the 
.yield of bullion would not be adequate to cover the expenses of hand- 
ling and washing or amalgamating, even on the supposition that the 
bnllion can be saved. This latter condition,! believe, as before stated, 
to be impossible Irom the form in which the gold occurs in the gravel ; 
, for the second experiment (with the material from Lilly's gulch) 
«eems to indicate that in the process of washing by far the largest 
part of the gold is carried off, even by the slight force of the current 
of water in an ordinary prospecting rocker. 

To the above may be added a few words on the pyrites — numer- 
■ouB samples of which have been brought or sent to the laboratory, on 
the belief either that the mass of them was gold or that they were 
gold-bearing to some extent. Of the samples, thirty-eight have beea 
assayed at the request of parties bringing or sending them, and ia 
three only were even traces of gold discovered. The mass of evidence 
is entirely against the occurrence of anriferous pyrites in Missouri. 
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Activity of l«ad reverberatory furDances...- 85 

Adaptability of Mlssouii lead to corrosion.- „ 91 

Air furnace, dlmeosioDe of_ 45 

Air fiiraa<^, tnethod-....,. 25 

Air furnace, practice at Bond's ,„„,. 65, 66 

Air furnace, practice at BuSh1o» 62, 63 

Air fUroaoe, practice at Dade ooaoty 48, 60 

Air furnace, practice at Davis A Hurpby 47 

Air furnace, practice at DesloKe — 69, 60 

Air furnace, practice at Eagle „ ^1, 63 

Air furnace, practice at Granby ^ 45 

Air furnace, practice at Gum SpriHgr— 53 

Air furnace, practice at Joplln Smelting Company 49 

Air furnace, practice at Linn Creek- 66, 67 

Air ftarnace, practice at Lone Bloi.- 48 

Air f\imace, practice at Pichar & Bro i9 

Afr fbmace, pracUce at Pioneer— 60 

Air furnace, practice at St. Joe 68 

Air furnace, practice at Star. 58, 54 

Air flirnaee, practice at Wyan Spring- 64, 55 

Air-reaction, method of.. _ 26 

Akermann, references ISl, 133 

Analyseaof fluxes, table of. 154 

Analyses of charcoal irons, table of. 165 

Analyses of leads, table of. 94, 95 

Angleslte (Beudant).^ 19 

Antimony, influence of in lead 97 

Antimony, iufluence of In zinc- 112 

AnIJmony in galenlte— 13 

Archaean rocks of Shannon county 160 

Archimedes limestone- 8 

Arsenic In galenit«.- 13 

Arsenic, Influence of In zinc- 112 

Asb Grove, lead furnace- i 62 

Ash mineral- 20 

Auriferous drift of Missouri- 181 

Auriferous drift of MiEsoari, assays of— 162, 183 

Auriferous drift of Missouri, value of. 182 
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Beaver iion ore, analysis of. 

Benton county 


















































Blast furnaces, atMarmmec. ^ 

Blast furnaces at Midland 


137 

189 


















Blast furnaces at South St. Louis Ootnpany's Works- 
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161 



















Blast fUruaces, lead, iUastratloDS of. 


73, 73, 74, 78 


Bkiberg practice ; 


28, 82, 60 






































Bloomery at Meramee, product of.- 
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Blae mineral » 10 

Blue SprlDg_ 160 

Bluff dlt^gings, g&lenlM from 17 

Bollinger county _ 9 

BoDda'leadfurDKce- 6S 

Bonds' lead furnace, lead produced at, aaaiysls 66 

Bonds' lead furnace, residue from, analysis „ ».« S& 

Boulangerite (Thaulon)- IS 

Boulllnger Creeb Furnace, iron 144 

BournonUe (JamesonJ- 18 

Broadhead's Report, references ..3, 8, 9, 12, 14, 100, 108, 181 

Brookllae, lead furnace at 60 

Buffalo, lead furoaoe .'. 68 

Buffklo, leai] fUrnace, galenite used at— „ 17 

Buffalo, lead farnace, lead Irom, analyais. 63 

Buffalo, lead furnace, residue ftom, analysis— „ 63 

Buratite (Oeleaee) - - 109 

Cadmium in Granby slag ]ead_ 14 

Calamine (Smithson).- ....23, 108 

Calamine, analyses oU ^ 24, 107 

Calcite (Haidlnger)....^ 21 

Calclte, analyses of. ~ 21 

CalorlQc effect of reduction of Iron oxide ~ isa 

Camden couQty._ 8 

Carbon, calorific power of- 180 

CarbonaW^of lead, (see cerusslte.) 

Carbonic acid, action of oa zinc vapor- 110 

Carbonic acid and oxLde, ratio of in blaat furnace 130 

Carbonic oxide in blast furnace, Tuuaer. ISl 

Carinthian lead method _.' 27 

Carondelet Iron Worts 153 

Caroodelet, zinc establishments at... - 112 

Central Lead Region 8 

Cerusslte (Haidtnger) 18 

Ceruseite, analyses of. , „ -...20, 21 

Cemasite in stalactites 20 

Chaleanthlie (V. Kobell) - 26 

Cbarcoal, various weights of. ....- 147 

CharcoAl furnaces, HuieS used at, analyses-. 164 

Cbarcoal funtsces. Irons made at, analyses- 169 

Cbarcoal furnaces, slags from, analyses „ 164 

Charge at Ueramec Furnace - .*.... 138 

Charge at Hopewell Oxide Works. 1S3 

Charge of the Wetherlll Furnace, usual 121 

Charge of the Wetberill Furnace, effect of increase of ^ 132 

Chauvenet, analyses by 12, 16, 17,20,22, 106,108, 114 

Cheltenham Clays, analjs^ of-. 113 

Christian county .-. 9 

Chunk mineral - 10 

Church, lead blastfurnace methods 36 



Clay, Cheltenham, analyBes of_ 113 

Clay, Oak Hill, analyaes of_ „ 114 

Clay, Oak Hill.seetlon of deport 113 

Clay, red tough _ 3S 

Clay, Stourbridge, aoalyaiB of. 118 

OUy, tallow, „..„ 23 

dohait ingaleuiK , _ 16 

Cobb, Henry, white lead production of St. Louis _ 90 

Cobb, Seats, production of St. Louis Shot Tower. lOO 

Coke ashes, composition of. 7& 

CoIUn'B Pumace 67 

Colorado B«vorberatory, results Id- 8S 

Cole county „ U 

Cole county, Galenlte IT 

Composition of leads, table of- M, 95 

Oonoley Furnace .-. 50 

Consolidated Laod Company 164 

Consumption of zinc ores In 1875 176 

Cooper county S 

Copper deposits of Sbauuon connty m 164 

Copper In }falenlte- '. > 16 

Copper Id lead 96 

Copper in ores of Shannon county 165, I6& 

Copper pyrites 16, 166 

Corn, S. B., hearths- 64 

Corn, S. B , reverberaUtrie^ 6ft 

Cost of slag treatment. 88, 89 

Crawford county, analyses of iron ores from 136, 142 

Crawford county, galenlte, silver in ...» 12 

Cupola Method at Mine La Motte , 76 

Currents In blast furnace. 181 

Current river— ISfr 

Dade county S 

Dade county air-ftarnace, pracUee at..- .49, 6ft 

Dade county air-fornace, analysis of residue from.- 50 

Dade county afr-fumace, aualysis of lead from 60 

Dade county galenlte 16 

Dallas county » 

Davis & Murphy's air-furnace, practice at 47 

Davis & Murphy's slag-furnace 7S 

Davis A Murphyjs slsg-furnaee, analysis of slag (torn ■ 78 

Delaware Creek 159 

Dent county, analysis of iron ore from- 140 

Desloge air-furnace, practice at... 59, 6ft 

Desloge air-furnace, analysis of dross from 61 

Desloge air-furnace, analysis of lead from 61 

Desloge air-furnace, analysis of residue fh>m- .* 61 

Desloge mine, eoneentratlon at. 60 

Desloee mine, concentrated ores, snaly^s 17, 60 

Desloxe mine, ore from, analysis of. 17 



DlBtributioa of lead for two years— 171 

Dtatributlon of materials In Muramec furnace 12», 130 

Distribution of materials lu Midland furnace. 141 

DIstribalion of materlala in Moselle fXiroace 144 

Dietribution of materials in Scotia ftirnace-.,. 138 

Dolomite (Kirwan) „ 31 

Dolomite, analyses of. , 93 

Dolomite limestone of Shannon county, analysis.. 168 

Douglas county 8 

Drift of Missouri, gold In „ ,-. 181 

Dross, analysis of.- 61 

Dross, treatment of. 41 

Duncan, G. A., analysis by 115 

Bagle air-furnace, dimensions of- 51 

Bsgie air furnace, galenite used at._ 16 

Eagle air-furnace, practice at.-. Bl, 63 

Eagle air-furnace, lead from, analysis 63 

Eagle atr-furnace, residue from, analysis- S2 

Eiines & Berry air-furnace- 57 

Eanes & Berry air-furnace, trials with increased charges 68 

East Point galenite, silver in - 12 

Bndemann on blsmnih Id lead.- 87 

BnKlisii Flintshire furnaces .' „ 27,83,83, 84 

BnglUh Flintshire furnaces, analyses of residues 30 

English method of zinc extraction- » HI 

Eureka air-fn mace- 08 

Fire brick, Laclede, analysis of. 114 

Fire brick, Mitchell, analysis of. 114 

Fire brick, Oak Hill, at lead furnaces - 53, 55 

Flintshire furnaces, English 27,82,83, 84 

Flintshire furnace, English, analyses of residue from 30 

Flintshire furnace at Frumet 62 

Flintshire furnace atQranby- 43 

Flintsblre furnace at Desloge- 69, 60 

Flintshire furnace compared with other practices. 81,86, 90 

Flux used at Maramec furnace- 128 

Flux used at Midland furnace - 140 

Flux used atMine la MotCe cupola,- 77 

Flux used at Moselle furnace 148 

Flux used at Ozark furnace 136 

Flux used at Scotia furnace „ 137 

Fluxes of charcoal furnaces, table of analyses of- 154 

Franklin county 9 

Franklin county limonlte, analysis of. 143 

Franklin count; galenite, silver in.- 12 

Prsnklinite (Berthier)._ 109 

Frumet Company's furnace 62 

Fuel consumption in English Flintshire furnaces- 82 

Fuel consumption In bearth smelting 8S 



Fuel consumption In Varsmec furnace-., 138 

Fuel consumption in Moselle lUrnaoc. 14ft 

Fuel coDEumptlon In ordinary reverberatorlea 82 

Fuel oongumptlOD la roasting zinc ores Ivy 

Fuel consumption in alag-smelting .73, 89 

Fuel conaumption in Scotia flirDice 137 

Fume from lead fnraaces, analysei of- ^ 30, 31 

Fame from lead ftirnaces, collection ol 19, 70 

Furnace, Wetlierill, for zinc oxide- „.„.. ...., 117 

Gage, J. B., reference.. „ 109 

Galena, (see galenite.) 

Galenlte {V. Kobell) _ ^ & 

Galenite, foreign metals in _ 12, 16, 17 

Galenite In zinc oxide fnrnaces 130 

Oarvens. O. £., analysis by 21 

General metalluncy of zinc 109' 

Gentti, references. - 10, 107, 181 

Geocronlte (Svanberg) -,.._ 18- 

. Geographical diatribntlon of lead orea- 8 

Gold In drift of Miasourl 182 

Godarlte (H^dlnger)- .24, 109 

GrablU, L. K., analyses by.- - - 107, 114 

Granby, ^r-furnace, practice at ,. 45- 

Granby carbonate ore, analygls of. - 20- 

Granby calamine, analysis of 107 

Granby ceruasite, analysis of_ »— 21 

Granby, Flintshire, practice at. 48- 

Granby fume, analysis of. 30- 

Granby galenite, analyses of IS 

Granby hearth practice '. 63 

Granby leads, analyses 46, 60, 73- 

Granby residues, analyses of. 44, 46, 47 

Granby residues, treatment oC- 72' 

Granby slagp, composition of. 72 

Oranby slaf-lead, aaalyeis of 7& 

Grafs Root Furnace- i 67 

Greason, J. D., analyses by IS, 23, 160 

Greene county 8 

Gruner's Blast Furnace Studies, reference.- 180 

Gum Spring Fomace.- .: 62 

Gypsum 24 

Hampe on lead kernels 98 

Hampers analyses of whlt« lead products — — 99 

Hancock iron ore, analysts of. IM 

Handlin fiiraace- «.«. 57 

Bendlln fLimace, anulysis ot residue tiom 07 

Hare, A. W., assistant In laboratory _ 4 

Hearth, American water back 3ft 

Hearth, dimensions ^ 8T 

Hearth, charges of. 81 



Hearth compared with reverbe»torleB » „ S7 

HBarth, composition of residues trom - — • » ,. »..„ - 87 

Eearth, fdel, oonsumpCion In »„„ 81 

Hearth method at Bleitierg. „ ,. 88 

Hearth method at Qranby._ 68 

Hearth method at Hopewell ^ 65, 66 

Hearth method at Joplin Smelting CompoDy^ 64 

Hearts method at Lone Elm— 64 

Hearth method at Ulne la Hotte .....,~_ 68, 68 

Hearth method at O'Brien „„.. „ „„ .64, 66 

Hearth method at Perry _ 66 

Hearth method at Vall6 ..._ 67 

Hearth Residues, analyses- 64, 66, 66, 67, 69 

Hearth Resldne, Flattner's Analysis of. ~ SS 

Heat reqalrements of Haramec furnace '. 133 

Heat requirements of Midland furnace _ 143 

Heat reqairemeats of Hoeelle furnsoe _ 144 

Heat requirements of Scotia fUrnaoe - 188 

Heirerite (Del Rio) _ , 107 

BeBse1me;er, George. - lia 

Hickory county — »_ S 

Holman diKgios, Bllver in galenite troai _ 12 

Hopewell hearth, practice at , _ 66 

Hopewell galenite, foreign metals in - 17 

Hopewell lead, analysis of : - 66 

Hopewell residue, analysts of. ~ 66 

Hopewell slBg-turnace, analysis of slag froia - 74 

Hopewell zinc oxide furnaces » 123 

Hopewell zinc oxide furnaces, analyses of products - 122, 124 

Hopewell zinc oxide farnaces, production or. ~ ; - 124 

HydrozlDCite (Kenngott) ^ 108 

IDustrattonB of Lead Smelting In Missouri 42 

Importations of lead at St. Louis 171 

Iron rrom Maramec furnace, analysis of. 128 

Iron iTom Midland furnace, analysis of. - 140 

Iron from Moselle farnaoe, analysis of - 143 

Iron from Ozark furnace, analysis of. '. - 136 

Iron Trom Scotia furnace, analysis of. » - 137 

Irons from charcoal ftomaces, table of analyses of 166 

Iron as a deiiulphurant _....< » «» 83 

Iron In galenite _ 16 

Iron oxide, reduction of. - 181 

Iron oxide In zinc retorts 113 

Irondale blast furnace. 14S 

Iron Mountain blast fUrnaces 146 

Iron ores, analyses of - -137, 134, 186, 140, 143 

Iron ores, leichtflusdg h......~^ - 148 

Iron ores in Shannon county -.« 167 

Iron ores,' strengfliissig _ 148 

Jack's Fork of Current river ...~ 168 



Jamesouite (HsldiDjfer).. 18 

Jasper couDty 8 

Jasper ttounty galenlte, fL>reigD metoU ia — IB 

Jasp«r county galeQlU, silver ia _ 12 

Jefferson county 9 

Jefferson county galenite, silver iD> 12 

Jopllo Mining and Smelling Company's Aimaces 49 

Kaolinite, formula of 113 

Kaolinlte from Cornwall, analysis of _ 114 

Keokuk llmeHtone... _ 8 

Eerl's Metallurgy, references 37, 32, Si, 110 

Kernels from wliile lead, corrosions, analysis. of Laatentbal 99 

Kernels from white lead, corrosions, aoalysls of Mechernlch 99 

Kernels from white lead, corrosloDs, analysis of UUsoud - 98 

Kernels from white lead, corrosions, analysis ot SUesiaD _ 99 

Keystone zinc oslde, analysis of - 120 

Krummofeo 41, 71 

Labor at luglisb Fliatsblre furnaces _ - 88 

Labor Ht Hearths 86 

Latior at ordiaary reverberotory furnaces 31, 88 

Labor at slag furnaces. 72 

Laclede county.- 9 

Laclede county galenlte. silver in.....^ 13 

Lead, analysis ot, from Bond's furnace-. 66 

from Bufialo furnace - 53 

from Dade county furnace - SO 

from Desloge Aimace .-. 6L 

from Eagle furnace 62 

from Granby furnace 45, 68, 72 

from Hopiwell furnace .M, 74 

from Linn Creek furnace 67 

trom Lone Elm furnace ..49, 64 

from Mine la Motte- 68, 77 

from Perry furnace 66 

from Pioneer furnace _ 61 

from St. Joe furnace _ 69 

from Star fomace.-. ~ 64 

from ValU furnaces.. .67,68, 76 

Lead analyses, table ot 94, 96 

Lead, antimony In- 97 

Lead, copper In— 96 

Lead, distribution of- - 171 

Lead, Importations at St. Louis -.... 171 

Lead, Missouri, adaptability of, for corrosion- 91 

Lead production for 1875 173 

Lead, prices of 174 

Lead, purification of- » 39 

Lead Region, the Central - 8 

Lead Region, the Southern » 

Lead Begion, the Southeastern- 9 



Lead BeirlOD, tbe SoDthwestern 8 

Lead ores, carbon&te 10 

Lead ores, geographical diBtribntioa of- 8 

Lead ores. oxldl7*d„ 9, 19 

Lead ores, sulpbaretted - •• B, IS 

Lead ore^ Shaaooo county » - 167 

Lead, St LonU receipts of. 172 

Lead, Snailbearfi 100 

Lead,"W. B.".- 93 

Leonhard aod Bcbinidt, references- 8, 9 

Llliy'B gulch, gravel from- 183 

Llme«tone, ArchimedeB— - 8 

Limestone, Seokuk „..» - „.—.»...... 8 

Limestone, second magne»t&D » •■•••••••. 9 

Limestone, third magneeian « „.......« _.....9, 163. 

Limestone, tltlrd magnestan, analyris of— „...„.. ».......^ 163 

LimODltf- 24, 166 

Limonlte from Franklin county, analysis of. 143 

Limonite from Hancock bank, analysis of. ~ 134 

Limonlte used at Irondale blast furnace 146 

Linn creek flirnace 66 

Linn creek nimiice,lead from, analysis - S7 

Linn creek lumaoe, residue from, analysis &7 

Luton, assays of jrsJenaby-- 12 

Lone Elm furnace- -: - 48 



Lone Elm furnace, collection aL.... 49 

Lone Elm hearths 64 

Lone Blm leads, analyses of...- 49, 64 

Lone Elm residue, analyris of. 48 

Hacon county,gold In drift of- - 183 

UadisoD county. - 8 

Madison county galenlte, silver In > 13 

Malachite (Wall).- ^ 34, 166 

Mammoth Sprfag._ „ 160 

Maramec foTDoce 138 

Maramec furnace, bloomery at. 134 

Maramec furnace, charge 128 

Maramec furnace, distribution of materials- , 129 

Maramec furnace, flux ; 138 

Maramec furnace, fuel oonsumptloti 128 

Maramec furnace, beatrequlrements of- - 142 

Maramec furnace, pioduots,analyeeB of. 126, 129 

Maries county- „ S 

Maries county galenlle, silver In.- - 13 

Marlonlte (Blderborst]-. 109 



Matte, concentrated at Mine la Motte. 78 

8R— 13 

Lg.l.cd., Google 



Hatteflr8t,atHlDelaMott«. - 77 

Hatte, roasted at Mine la Motte 77 

McDonald oounty _ 8 

Uelaconite (Dana). 166 

Uethod of deaulpburizaUon by Iron 32 

Method bf ali^reactiou 26 

Methods, blast furnace for lead „ 33 

Midland furnace- 139 

Midland fbrnace, distribution of materials Id- 141 

Midland nirnace, flux and ore, analyses 140 

Midland furnace, heat requirements of. „ 143 

Midland furnace, products of, aoalysea „ 140 

Miller county S, 12 

Mine la Motte „ 68 

76 

™ 68 

69, 76 

77 

Mine la Motte, hearth residue, analyses 68 

Mine la Uott«, Smithonitc from, analysis 108 

Mine water, analyses of. 25 

Minfrer, W. C-, analyses by 17, 28, 77 

Missouri Company's Zino Works. ^ U6, 1!7 

Missouri Furnace Company. 151 

Moniteau county 8 

Morgan county 8 

Morgan county galenlle, silver In .- 12 

Moselle furnace ,. 142 

Moselle (Urnaoe, distribution of mat«ri8leia „ - 144 

Moselle ftirnace, flux and ores, analyses „ 142, 143 

Moselle furnaoe, beat requirements of. 143 

Moselle furnace, products of, analyses- 148 

Mt. Lincoln, Colorado, reverl>eratory 88 

Murray's Gulch _ 182 

Neosho Manufacturing Company's Hearth 64 

Newton county 8 

Newton county galeniCe, foreign metals in - 16 

Newton county galenite, silver in „ , 12 

Newton county, [see also Gronby.) 

Nickel in gaieoite 16 

Nickel in lead- : 92 

Nickel matte, production of. ,. i.. 76 

Nickel mattes, analyses of. 77. 78 

Oak Hiii flre clay 113 

Oak Hill fire clay, analyses of. 114 

Oak Hill flre clay, section of deposit. _ 118 



O'Brien's hearth galenite, foreign metals In... 
O'Brlen'B hearth, residue from, anolyslB 



Ohm&nn-Dum«BnU. A, H., analyses by » 24, 166 

Old Scott furnace- , -.- 67 

OrODOgo galenlte, silver in_ _ ~ ■> 13 

OroDOfno, hearth a 



OroDogo, Mine water from, aDKlysee.. 
Urea, copper Id Sbaunon o 



Ores, oxidized ., - -S, 

Ores, sulphuretted- .9, 

OreB, iroii, (see different lurnacea.) 

Osage county- 



Ott«rville furnace , 67 

Oxide of Iron, reduction ot - „ 131, 132 

Oxidized ores of lead „.......„ 9, 19 

Oxygen raUos of iron slag;-. - -..,..129, 186, 138, I41,14«, 164 

Oxygen ratios of leadslagg. ^ 86, 78, 74, 76, Tit 

Ozark furnace- „.,.- „ 134 

Ozark furnace, flux used at, analysis-. 1S& 

Ozark fbmace, iron produced at-aoalyds 185 

Ozark furnace, ores used at, analyses 184 

Ozark furnace, slag from 136 

Pack, James A.., analyses by - 34, 114, 166 

Pack, John F , analyses by 116, 118 

Percy's Metallurgy of lead, references- 28, 80, 37, 82, 92, 100, 115 

Perry's hearths 68 

Perry's hearths, foreign metals In galenlte ftom— 17, 18 

Perry's hearths, lead from, anaiysls S6 

Ferry's hearths, residue from, analysis- - 86 

Perry's mines, sliver In galenite from 12 

Peters, E. D., results with reverberatory In Cotor«do- - 88 

Pettis county 8 

Phelps county 8 

Phelps counLy galenite, silver In- 12 

Pboapbateof lead - _ 19 

Picbar Bros. Bir-farnace....- 49 

J^lot Enob furnace 146 

Plonitr furnace .i , 60 

Pioneer furnace, lead from, analysis. , 61 

Pioneer furnace, residue from, analysis- 61 

Plagionlte (G, Rose) 18 

Porphyry of Shannon county- - 181 

Porphyry of Shannon county, analysis of. 161 

Porpbrryof Shannon connty, bedding of. 162 

Fotost Mining Company, Ulver In galenlte from 12 

Pratt's Mill furnace- 67 

Pressing. - - 29 

Prices Of lead- 174 

Prices of zinc- 177 

Production ot lead and ores In 1876. :. 173 



ProdacUon of zinc by States^ 

Production ol zinc ores In 1875_.... 
PnddtiDK mill, Vulcan WorkEi_.... 
PalukI count; galenlte, sliver In... 

PuriBcatlon of lead_ 

P7rltes,lron... 



P; romorphi t« ( Hsiumau u) 

Quartz as a gan^ue of lead ores.. 

Quartz In revert>eratin)c fVirnaoe 

Quartzlt« asgodated with lead ores 

Quartzlte of Shannon oonnty , analjaia ofL. 
Qnartzlteof Shannon count7,)^nealaoi 



Rail mill, Vulcan Works- 163 

Batlo of carbonic add and oxide In blast furnace- ^ 130 

RaUo, oxygen and alaga ~ 36,73,71,75,78,120,185,138,141,144, 164 

Raymond, B, W., reference- 86 

Receipts of lead at St, Louis- 172 

BeceiTcrs for zinc distillation, dimeDskme of. - 112 

Ked lead, St. Louis, foreign metals In 100 

Bed lead, Snailbeacb, foreign metals In 100 

Reduction of oxide of iron ., - ISl 

Residue, analysis of, ftom Bond's furnace 66 

Residue, analysis of.ftom Baflalo furnace— _ _ 63 

Residue, analysis of, f^om Dade county furnace. — - CO 

Residue, analysis of, from Destogt- fnrnace.- 61 

Residue, analysis of^ from Eagle furnace.! - 62 

Residue, analysis of, from Qranby Aimaces- 44, 47 

Residue, analysis of, from Handlin furnace 67 

Residue, analysis of, from Hopewell heartb- 65 

Residue, analysis of. from Hopewell oxide works- 123 

ECesidue, analysis of, ftom Linn Creek flirnace 67 

Residue, analysis of, from Lone Elm nimace- .,.....» 48 

Residue, analysis of, from Mine la Hotte hearth 69 

Residoe, analysis of, from O'Brien's hearth 66 

Residue, analysis of, from Perry hearths - 68 

Residue, analysis of, thim Pioneer furnace- 61 

Residue, analysis of, from at Joe furnaces- M 

Residue, analysis of, from Star furnace 63 

Residue, analysis of, from Yall^ hearths. :....,, 67 

Residue, analysis of, from Wyau Springs furnace- .; 64 

Residue trom Zinc oxide works, analysis of > HI 

ResulW at South St. Louis furnaces 151 

Retorts for zinc furnaces, dimensions of.... 



Reverberatory furnaces 26, 27 

Revertferatory furnaces, weight of charges in. - 82 

B«verl)eratory furnaces, fuel consumption in .*. 83 

Reverlieralory furnaces, labor at..— 88 

Reverberatory furnaoes, yield of lead ore In. - » 86 

Reverberatory furnaces, acUrity of different forms of. 86 

Beverberatory furnaces and hearths compared— ,. 87 



BeTerberatoiy practice, Uliutratioa of.- 42 

BeverberabiiT results In Colorado— SS 

BeverberaCor? fUniaw, {see also Air-flirnace luid Flintshire fUrnaceO 

RIchardBou'E shaft, foreign metala In galenite from 16 

RilTKin's aod Ctiapmftii's heartbs %i 

Bevots Matallwrgyde Plomb, referenoeB.. ~ 84, 82 

Bound 8prin2> _ 160 

BbHqo county— 8 

Saline Valley Famace- - 62 

Sarver A Co. 'a ftarnace. 60 

Schmidt, Dr. Adolph, notes and referenccB 

Behwletzer, Dr. Paul, references. 

Scotia fnriuice ;_ , _ 186 

Scoda mmaoe, distribution of materials ln_ 189 

Scotia ftirnaoe, flux and ores used at._ 136, iS? 

Scotia furnace, heat requirements of. 1 189 

Soolla furnace products, analyses of. 187, 138 

Second magnealan limestone. 8 

Seedtick dlggios galenite, foreign metals In 17 

Shannon county _ 169 

Shannon county, Archen rocks of. „ 160 

Shannon county, copper deposits 164 

Shannon county, copper ores 166, IBS 

Shannon county, iron ores_ 167 

Shannon county, lead in.. _ 167 

Shannon county, Silurian rocts of- 168 

SbotTowerof St. Louis, produce of- 100 

Siderite (Haid/nger)_ 22 

Silesian method of zinc extractor. _ Ill 

Silurian rocks of Shannon county-. 163 

Sinking creek- 159 

Skimmings, lead, (see drocs.) 

Skimmings, zinc, analysis of. 116 

Slajfa, iron blast furnace, analyses of 154 

Slags, iron blast flirnace, oxygen raUoe of. — 129 13S, 188, 141. 144, 164 

Slags, lead blast furnace, oxygen ratios. 86,78, 74,75, 78 

Slag leads, analyses of- 73, 75, 77 

blag treatment in Missouri 70 

Slag treatment, cost of. 72 

Smitbsonite (Bcudant) 107 

8mithgonlt«, analyses oiL_ .24, 108 

Smitbsonite, varieties of. - 107 

Snallbeach lead- 100 

SoaChern lead region 9 

Southeastern lead region 9 

Southeastern lead region, reverberatories. 68 

Southeastern lead region, hearths 66 

Southwestern leadreglon 9 

Southwestern lead region, reverberatories- 48 

Southwestern lead region, hearths a ■ 68 



South St. Louis blast fiiinaces- 160 

Spelter, analyseaof. 116 

Spelter, production of, 1S76 175 

8phalerlt«, (Olocker,) see Blende. 

8t Clair county- 8 

St Francois county 9 

St James iron ore, analfsls of- 134 

St. Joe furnaces 68 

St. Joe furnace, lead lh>m, analysis '. ; 5H 

St. Joe furnaces, residue from, snalysls 5d 

St Joe galenlte, foreign metals in— 17 

St LouU Shot Tower— 100 

Ste. Glenevleve county...- 9 

Star furnace- _ 63 

Star furnace lead, analysiB of. M 

Star furnace residue, analysis of. '._ 63 

Stone county S 

Stourbridge clay, analysis of. » 116 

Sulpbtrretted lead ores 9, 18 

Swallow's report, references 8, 0, 13 

Swindle dl£gins ealenlte, silver in_ 12 

Taney county „ 9, 108 

Texas county 

Temple diggings galenlte, silver In 13 

Tbird Magaeslan limestone 9 

Tbird raagneslan limestone, analysis of. :,.. 163 

Tburman Mining and Smelting Company's beartb.- 64 

Time on element In blast furnace reactions^ 148 

Trent diggings galenlte, sliver in. 12 

Tunner, reference > 131 

Valie htarlhs 67 

Vall^ hearths galenite, foreign metals in - 17 

Vall« bearths leads, analysis of. 87, 68 

Vall^ hearths residue, analysis of. 67 

Vall£ mines Smithsonite, analysis of. > 108 

Vallisia^ furnaccw ^ 74 

ValU 3lag furnace, amilysis of slagf^m » 74 

Vall6 slag lead, analysis of. ; 74 

Variation of silver in same pig lead ; 96 

Velocity of current at Mammoth Spring- 160 

Velocity of currents in blast furnaces 181 

Village difcglngs galenite, silver in- 12 

Volatilization, loss by in lead smelting 81, 89 

Volume of dUcharge at Blue Spring. i 160 

Volume of discharge at Mammoth Spring. 166 

Volumes of Missouri Blast Furnaces- 149 

Vulcan Iron Works - 153 

Wushington county, Irondale furnace - 146 

Water, action of zinc vapor. - 110 

Water from lead mines, analyses of. 25 



Water sjBtpm of ShannoD count7 169 

W. B. Lead '. - 92 

Wear of Zinc retoriB 113 

Webster countf_ 9 

Weight of charges In air-furoocea 83 

Weight of charges In hearths - 86 

Weij^ht of aharges in zinc oxide furnaces 123 ' 

Weight of cbarjtes for zinc retorts - 111 

Weights of oharooal, various - 147 

Wetberill furnace.. — 117 

Wetberill furuaoe, usual ttaiokaese of charge in ISO 

Wetherlll furnace. Influence of tieavy charging - 130 

Whit« lead, causes of color la - 93 

White lead from Lantenttaal lead 99 

White lead from Mechemich lead 99 

White lead from Missouri lead. 08 

White lead from Silesian lead- 89 

White lead in St, Louis, statistics of- 99 

White lead substitute, directly from ore 120. 131 

Willemite (Levy) 109 

Winters, 0. R., analysis by , 24 

Wool mineral, analjsls of. - 20 

Wright county 9 

Wyau Springs furnace &4 

Wyan Springs furnace lead, analysis of. 56 

Wyan Springs furnace resldae, analysis of- 64 

Yield of lead ores in reverberatory furnace 88 

Yield of lead ores In hearths 87 

Yield of copper ores shipped from Shannon county 166 

Yield of Zinc ores..,. 117 

Zinc, analyses of. 117 

Zinc carbonate, (sea Smithsonite.) 

Zinc hydrous carbonate, (see hydrozlndte ) 

Zincite (Haldlnger) 109 

Zinc in xalenite - - 13 

Zinokenite (G. Rose)- , 18 

Zinc, general metallurgy of ; 109 

Zinc establishments at Carondelet 117 

Zinc ores, consumption of in 1876......... 176 

Zinc ores, loss in calcination- » 116 

Zinc ores, ratio of different liinds produced 109 

Zinc ores, production in 1876 175 

Zinc oxide, Bartletts, analysis of. 130 

Zinc oxide from Hopewell furnaces, analyses— 124 

Zinc oxide furnaces at HopewelL 132 

Zinc oxide, history of manufacture. .*— 117 

Zinc oslde, Keystone, analysis of. 120 

Zinc oxide, production at Hopewell 134 

Zinc oxide, uses of. 121 

Zluc, prices of- - 177 



• P*OB 

ZIdo, prodacHoo of, by BttXea 176 

Zinc receiTera, dimenalons of ^ _ Ill 

ZIdo retorts, dlmeiiBlons or_ „..„ „ Ill 

Zinc aoorla ttova retorts, snalysls of. ^ 117 

Z)nc Bilicnte, (see Wlllemlte.) 

Zinc alllcate, bydrouB, (see calamlnp.) 

. Zinc Bklmmlnga, analysis of. 116 

ZIdc vapor and carbonic acid - 116 

Zinc vapor and water. » lift 

ZiDC wblle, (see zinc oxide.) 



BE-E-^T^. 



Fafce 14, line 20, for " analysia " read '' analjrsee " 
Page 19, line 28, fbr " lust " read "luatre." 
Puge 22, line 6, omtt parentbeais after "llmonite." 
Page 26, line 8, for "being" read "are." 
PaKe 41, line 8, for "Kmmofen" read " Krummofen." 
Pace 67, line 6, after ''furnace" inaert "capacity." 
Page 68, line 6, for " Rogers' " read " Borier." 
Page 91, line 3, for "tbreeflnlog" read " tbe refining." 
Page 83, line 8, after " t " insert " attributes it." 

The last paragraph on page 93, and the tables on pages 84 and 86 sboald precede 
the last paragraph on page 92. 

Page 109, line 23, lor " WitliamUe " read " Willemite.'^ 

Page 112, line 34, for "speltre" read "spelter." 

Page 162, line 22, after " effected " Insert " 6y wire dravjing." 

Page 160, line S6, after "giving" Insert "660." 

Page 160, line 38, for "Are/ttan " read " Arcbaan." 

Page 166, line 85, for " Gavena " read " Garvena." 
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